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CHa- Thit 1

GhlisRAL OBGERVATLONG

A, Londitlons loeaginly for Glidar Flipht,

Thrag hmhomxdnmnmlmxfludm porforaance?’

1, oklll and axparloncy.

2o Thno qualliy of viw plidor ttiolts

4, hnowlod off aubuoreloglenl condltions favordng £lisht,

Plloting sklll Lo tho beals of 1) pertornancs, Uhe boat 1 hdor and
atronpuot upwlid cunnot correel Lhu, tuods. sueenaatul fLhht, oty
duronda priaaetly on the pllot, He uu,l:;LL‘\);r\‘iuL't)cu;mhiu wid i bive, in
order to judpe med pply b rvat oug and sensntions gupplled by natnra,
Thln 1o the wysoneo of mobtorlouy Plipht,

[ is possible thnt a Lortfoetly compubtant pilob, caimble of vreent=
iy

¢1ldor Lf he dows not knew how to Uind bLhe oneryy in the nir which con=

ing Lhe most intricnte maneuvers may be inenoable of {i‘]y\m' ot

stitutes the driving power of the glider.

To ob.erve nnture ig to love {4 ond to be in comunion w! th 1t. Tt
e this feeling which eiubles the pilot to senue the ety of motorless
and noiseless fllght == the most natural method of ol fdlging == ol
fills bia wilh enthusiasm cnd puides him through spnce in senrch of the
clouds that penorate up winds.

The art of piloting, the intelllgent a: gimilstion of dabn furni shed
by nature and a true feeling for the beauty of plider fiipht nre the
distinetive ponlities of a pilot capmble of sccomplicuing fine performnes.

The merodynamic qualities of the glider have now attalned such
perfection that one can hardly howe for much improverent in serformances,

with the excertion of high altitude flights which require stronger ard

safer construction.
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At the sltitudes thus far attalned in glider flight nature provides
auch numerous sources of anergy that it 1s unnecasuary tedwvelor irrapgular
and costly strugtural desipne, It seomg such more {aportant to concentrata
attantlon on the glider aqulpment necearary for cloud f1/4ng and altitude
flying,

Tro performanes of several known gliders 1s glven holows

"operber"  Had "oeandler "iranich! "Géppingun A
Junlor Paulo with Birlane ‘Wnlmon
Mloubts
Yingeproad (moters) 1640 19,0 17.4 18,0 17.0
surfree (8. metors) 15,5 17.7 13.4 22,7 19,0
Wing lond (kyg/sq.
meter) 18,0 21,6 20.6 20,5 17.5
vpead minlmum
(km/hr) [‘3“)“ 5/u0 1&801 1&7-0 53 7
' Vertical speed min-
Lmum (meters/sce) 0.7 0,63 0,49 0.75 0,70
‘aximum Finenusa
ratilo 2443 26.0 17.48 2245 25.7
Vertical speed at
100Jk~/hr (meters/
. 8ec) 1.5 1,36 2.31 1.56 1.52

According to this datn, 1t can be seen that upwiad vulocitiey of
about 1 meter per second are sufficient to monintain flight. The art of
glider flipht consists in finding these upwinds.

$ince we do not have a distance indicutor = the variometer detects
only vertical movemsnt at the polnt where the glider is locnted = the
glider pilot must judge an upwind from meteorological information, cloud

form, wind direction and veloclty and ground confipuration.
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atmospheric phenomend nay of ten appear complex, oF cven de endent
on the laws of chance, llowever, it should be possible {0 grasp & clear
idan of these chanpeable phenomcna «nd to formulate an odnlon as to
what performance 16 poasible in & glven situation.

Tre purpose of this book ls to broaden the gllder pilot's under=
gtanding of atmoaspharic nhenomena. A knowledpe of Lhw acrological basas
of glider flipght ghould improve tho pllot's performance. It should also
encournge him to feol that his obhgervatlons and {pstrunent recordings
diring £llght are contributing to glider progress and revasrch.

Becuuse of their daring new tlighte and sound judpecent of thelr
pemarks, many pllots have won the recognition of science and have ensured
the lasting value of their perfor:anceds

This buok ls addresead to the practicul uger and endeavors to nfford
him, in a gimplified and familiar form, an understanding of glider flying.
B. wsources of Enery in Glider Flight.

1, utatic and Dynamic i'light.

There nre two basic methods of flight: gtatle ard dynomlc.

Two conditions are necessary for £light:

a) In stetic flight, the wind muat not be flowlng horizontally,

but must have a vertical component.

b) In dynamic flight, the alr flow must not Le uni.lorm but must

vary in direction and velocity.

These two basle conditlons make 1t clear thet flight, both static
and dynamic, is & question of atmospheric currents. Kven today, however,
gliders are atill restricted to static flight which s bused on the fact
that the vertical speed of the glider is equal to or lower than the upward
vertical component of air, thus permitting flight at constant or increas

ing altitude.
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R+ CGoncepts of Dynamle Flight,

Dynamle £light derives energy from variations in horizontal air
flow, This le explainad as follows: The 1ift of an airplana is projortion-
al to the square of the spged of the air. Thus wind gpoed inoreases, then
relative speed lnareases, since the alrplane ,bocause of ita inortia, does
not adapt itself lLimedlately to the new state of equilibrium,so thut the
additlonal kinetie energy makes 1t poseibla to gain altitude. If the alr-
plene flles with vhe wind, relative movements are produced just as when
the wind velocity declinos,

These varliatlions in flow may occur successively or they may be locully
supurimposed or oppoused to each other, lhe unergy rumuired for flight my

. , be druwn from variations in the velocity of horizontsl flow, if great
Menough and saveral seconds Ln durstion, so thatwlocity variatlons can
be compensn:ted for in the airplene by the appro. riale pushing forward of
the stick.

For simplicity's sake, we cun re.trict ourself to dynamic flirht which
utilizes local wind variations. In the lower air layers close to the
ground the wind veloelty increnses noticesbly with altitude. This varistion -
might be used for dynamie flight by pulling back on the stick, in the case
of a headwind, to convert the higher air speed into sltit.de and tvhen mnaking
a 180° turn in a downward glide with tailwind, and so forth (Figure 1).

The ®lbatros of the South Seas apparently flles in this manner.

Between 1923 and 1929 P. Idruc carried out detalled research on the
flight of the @llatros and other sea birds, According to his findings, the
albatros, petrel and other birds frequently fly continuously the whole
day long, 1f the wind is strong enough, according to a definite pattern

and can cover great distances without a single flap of their wings.
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They start at the level of the waves, usually to the lee of a wave, and
olimb headwind to an gltitude of 10 to 15 meters; then they turn inte a
position with tailwind or erosswind and gllide down to begin the same man=~
euver agaln at sea level., The period of this maneuver varles with the
specles and flight path of the bird, 7The quicker the bird flies lnto a
position with tallwind and the less altitude it gains, the sherter the
duration of tho maneuver. The alvatros performs this maneuve:r in approx-
imately 1l seconds, with the hirhest altitudes attnined less than 20 meters.
The slbatros! minimum speed at sen level is 5 m/sec. The enorgy neces=
sory for this dynumic flight is obtained from the pradient of the wind

in the lowsr levels of the atmosphore, According to measurements, the
wind veloeity is roughly doubled at a 0.5 to 20=-moter altitudes above

the wave crests of a sliphtly rough sem. The wind velocity decreases
considerably betwsen the waves, so that the wind variation wﬁtﬁ‘ altitude
is increaded still more.

It also huppens frequently thut wind velocity ls increased in one
certain spot, so that the air masses of the higher faster-moving layers
treak through the lower oness Thus, statlc and dynamic effects oppose
each other and reduce the chances for dynamic flight.

At higher altidutes, great well-defined superimposed discontinuties
are too rare to be of interest. However, it seems thut opposing flows with
distinetly different velocitles may be utilized. These discontinuity
layers may arise over tervain ridges, but, to be truthful, it is rather
unlikely that the difference in velusities is great enough to create a
noticesble effect in which the arising turbulence would allow the fly=-

ing of a patterned spiral against the wind.

-5«
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Dynamic flight is of no praetiesl impertance in human glider flight, i
since the use of the taotics employed by the albatros in the ground
boundary layer would entail the performance of extreme and uninteresting
aercbatlcs.

3, 'The Differert rinds of Statle Flight

During its irregular progress, glidor fllght has opened three poss=-
thllities so far:s They aret

Flight over slopes

Thermal Flights

Wave lights

Flight over slopes utilizes the alr current's upwsrd vertleal compon=
ent created by an obstacle on the ground. The upwind over a shope is &
locul plenomenon and is limited to the flow crented b, the obstecle. The

| upwind over a sloge draws its energy from the horlzontal pradient of at-
mospheric pressure.

Thermal flight uses the upward thrust provided by ailr masses whose
temperature is higher than that of the surrounding cooler air masses. The
energy of a thermal updraft is merely trensformed solar energy. Thermal
flight is thus dependent on diurnal and anm.al variations in insolation —
and is also affactud by geographical latitude.

vave flight utilizes the ascending slope of an air flow in the form
of a stationary wave which develops downstrecam from an obstacle on the
ground., The energy required for wave formation is taken from the disturbance
of the flow above and behind the obstacle. At the present, wave flight
1g still contingent upon topography and is limited to high rises on the

ground.

- END OF CHAPTER 1 =
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Chaptey 2
Soaring Above Slopes

A+ adr Flow Above Jlopog

1, = Desoription of the Phenomenon,

Statle flight was firat effected by soaring. Since statle flight
requires an air flow with an upward component, the aimplest mothod apparently
1s to look for the upwind required for a glidor in the deviatlon of the
alr flow on slopes. Knowledge of air flow over an obstacle ls, therefore,
esgertlel for soarlng.

When nir flows over an obstncle, its veloclity lnecreanses wlih decrease
in cross section of flow (Migure 3a). The alr flow does not usually have
the potentlal laminar and symmetrieal form shown in Megure 3a., Becnuse
of incresse in veloeity, the stutle pressure is at a minlmum directly
above the crest; hencs, before reaching the crest,the air prossire is
dimirished. The updraft is uccelerated and clings to the slope. On the
other hand, behind the slope the statle pressure increases in the directlon

of the flow; the flow ls consequently slowed down and may even be reversed.
The counter=current forms an eddy behind the crest, which grows and separates
from the obutacle (Fipure 3b). New eddles form and sejarate, so thaty

behind the obsteele a row of eddies is formed which separates the zone o
dead air from the undisturbed upper air flow. (Figure 3c)

This example indicates to us the basic currents to which attention
must be paid in glider flight. Vindward of the obstacle, thut is, upstream,
there is an updraft zone on the slope which is advantapgeous for glider
flight. Directly above the crest, the curvature of the flow lines decreases

with altitude and hence the upward component also decreases, so that the

-7 -
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altltude attainable is limited by a glider's sinking speed. Leeward of f
the obstacle im a large downwind area full of eddles.and vwith a zone of
dead air in the lower layers,

The multiplleity of contours nsturally complicates the types of alr
flow., This 18 shown, for example, by the flow lines of the air currents
on Hellgoland obtnined hydrodynamleally (Figure 4). In this sketch we ain
gec the statlonary eddles to the windward and leeward breaking away from
the plateau of the island. In view of the‘atoepnees of the slope, the air
flow to windward is slowed down to such an extent that on this side of
the obstacle the gradlent of the pressure 1s retrogressive, This causes
the oddy on the windward side.

Theso tyoos of e flow 11llustrates o two=dlmensional alr flow over
the top of en cbstacle. But to judge the strargth of the updrsft it is
extromely lmportant to know to what depruve the air flow is due to passing
over or around the obutacle; that ls, whether there is a horizontel as
well as a vertlcal deviaticn, We can expect an appruclably two-dimensional
alr flow; that is, passage over the obstacle only in case the slopes are
highly developed and normal to windwurd. If there is orly a slight slope
it is necesssry to pass around as well as over the obutacle, and if the
rradlent 1s greut compared to length)passage around the obstnele is
predominant,

2. Theoretical Determination of the Upwind Field

J. Ackeret (1) has pointed out a simple method, using the source
methed, of determining horizontal and vertical velocitites in the upwind
field of an ideal obstacle. The terrein is replaced by a source on which
parallel air flow has been superinposed. The result nt air flow supplies
curves which represent the profile of the obstacle and the flow lites

produced by the obstacle. Thls demonstrates that the geometric loei of

-8 -
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equal horizontal and vertieal velocity in the fleld are clroles all of

whieh paws Lhrough the source (Figure 5). The flow line vwhich paeses
through the cel=-point P reprasents the profile of the obgtacle. The i
velooity componente can be easily read off at any po%nt of the fleld.
! The maximum updreft le divectly above the source., The altitude
whioh oun be agcpixod in a glider 1is:
H s v,
£
where h is the height of the obsiacle;
V is the velooit& of the parailel alr flow;
v, 16 the vertical velocity of tle plider.
For v, = 0.7 m/sec, V = 10 m/sec and h = 50 m, we oltaln H = 227 m.
Thig method by ackerel assumes a potentlal, non=turbulent, frictionless
flow, which of course ls not found in nnture, Thus it is not surprising
thut practical measurements do not coincide with thuse of the theoretical
field.
3, Various Experimental Investigations
a) P, Idrac studied the distribution of upwinds over a range of
hille scuthwest of Biskra. He found the values in Figure 6 for s ho;izontul
velocity of 10 m/sec. ‘Tne vertical velocity resched a maximum of 4 m/sec

in front of and above the summit., It follows Lhnt tha refile of the slopa
has a fundamental effect on the distributign of vertical velocities.
Behind the gumnit, according to Idrao'é descripticn, is a grgqtvxurbulent
zone at the 1imit of which the undisturbed fng continues to rise. An
upwind has been shown to exist close behind the crest.

¢ ’ b) ldrac also determined the upwind field of the gliding terrain

| of Vauville, at the tip of the Cotentin penirsula. According to hls measure-

ments, the distribution of rising velocities coincices well with the com=

putations of Avkeret. Just as in Ackeret's representation the strongest

| -9 -
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) % upwinds over the Vauville oliffe are found directly aver the slope, At
an altltide five times the height of the oliff, measured from the fool |
of the oliff, Idrec still found an upwind of 0,5 m/sea for a wind of 10 m/ae0 "
horizontal sjeod, which fact agrews with thoory.
The Vauvllle sren has good upwinds, undoubtedly becarse 1t 1s vnaer
the irfluence of an undicturbed ses wind and ls clored in by two Cajes,
Cape de la ilapue aund Lape Flamanville, which ¢ annel tle vind so that it
eannot nxrnnd latterally aud thus ls forced to climb the cliffs.
6) Cver tre gliding terraln of the Follsh clty of Bezmliechowa,
Koohangki hag mnde very succesceful and Lnatruetive mewsurements of the
upwinds there. These mensurements diifer from the sbove=menticned ones
because of a "eushlon" of dend alr =t the windward side, so0 that the as=
cerding field becomes noticeable only from a certain altitude on. nis
measurencnts of the upwind are jpsrticularly interesting., ¥irire 8 shows
the distributicn - £ vortical alr currerts ln thls zone for a wind of 3

to 11 m/ssc. It car be seen that the obstacle throws a "shadow" and that

tte zone favorsble for flider flight extends to far behind the crest.

[]
b

If strong winds prevail (8 to 10 m/sec), a large flst eddy can be observec
the downvard veloclty between points 1 and 2 is 4 m/sec.

d) Dunes with a regular profile and uni.form ground sre particularly -
sultable for studies of upwinds and flows in the presence ol obstacles.
The following results were obtained by the kinematopraphic recording of
artificial smoke. The wind velocity is 15 m/sec, Its varistion is nicely
ghown by the deformeticn of the smoke clouds (Fipure 10). The turbulent
layer separates two distinct alr flows from each other (Iigure 11). Above

the turbulence is a uniform almost laminzr flow, while the turbulent flow

? below ls slowed down. In this difference between the two flows, one can

recognize the/friction between the ground and lower alr layers.
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This lower air flow, which is disturbed and sloved down, congtitutes the

bourdary layer cf the ground., According to actual measurements, it ocan

be stated that the vertical velocities near the ground are greater than
those determined theoretically. Without golng 1nt6 the other reasona,
thece divervences betweon theeory and practice can also be exwlalred by

the terraln forms. According to ealculations, a good glider should reneh
an altitide of 250 m sbove tho dune; but according to practical measure=
monte, it should rise a good deal higher than that, In a wind of 10 m/sec,
triponomatyric messurements were performed on a glider w.th a sinking spoed
of 0.6 to 0,7 m/sea, Ite maximum nltlitude wos messured at 250 m, in pood
arreerent with theory.

B, LEEWARD FLOW

As far as leevard flow is concerned, theory, experience and yrzetical
observations are in apreement. Heeuuse of reduction in veloelity, the
flow is reversed in the turbulent leewurd fleld. Theose lecwrrd turbulences
ocour not only in wind tunnels, but also in the atmosphere. They may
be stutionary and they may be carried along by the flow. Figure 12 ghows
a stetionary eddy as recorded by the flight path of a statieully beslsnced
balloon behind the raised dunes.

The flow to the lee of mountain chains is of importsnce only in wave
flight., In true soaring, the leeward zone will pull the plider down and
should therefore be avoided. The upwind zones discovered in glider flight
in the undulating flow above mountain winds, which have been so success-
fully utilized, will be described in Chapter IV dealing with wave flight.

We must still deal with a vertical deviation of flow lines wﬁich,
besides the unevenness of terrain, produces an upwind field analogous to
that due to terrain obstacles, but much weaker. This phenomenon is called

friction upwind.
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C, FRICTION UPWIND

l. Ceneral

All flulds, inoluding alr, possess vigeosity, that 1s, fluid friotion,
L an undi:turbed fluid pasaes over a erface, the dronlete next to the
surfsce will adhere to it Lecausge of friction, and then becnuse of thelr
viscosity they will also slow down the velghboring droplets. Under the
influence of that frietion, a Loundary layer 1e formed in whose interior
the velocity pusses rapldly from zero to tie velocity of the nondirturbed
flow. Thus the boundary layer Ls lurger in dizengion, the rreater the
vigcoslty and veloelty of alr flow and the grester tlie distance along the
surface,

2. The Ground Boundsry Layer

1*‘Viscoli7phenomenon also occurs tn the flow of alr over the pround.

To be sure, the ;elationshipa here are much more complicuted, since air
friction in the atmosphere it determined not only by internal molecular
friction but also by the continous turbulent mixing of the alr particles,

The rround boundary layer is quite largo., Thilq‘ the aerodynamic
boundary layer, which is cf fundamentnl importance, is only anbout one mm
thick, the pround henndery levar resehes a thichnons of aboud 100 ‘m.

Naturally, the differences in the ground's roughness slow down the
alr masses in varying manners and thus csise varistions in the extent of
‘the boundary layer.

Alr passing from a zone with little friction to crme with wuch greater
friction slows down and thus causes a congestion of air which the adjacent
alr flow nust pass over; it is due to this phenomenon that we can observe

"friction upwinds" et tie borderline of terrain zones of different roughness,

- 12 -
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these fricticn upwirds are usually found alonk the ceast, at the borders »
line Letween weter and land, and also over land at the place of transition
from level ground 1o a built=up urban region. The upwind zone 16 marked
by an inereaned Loundsry zore upatrean from the point of change in rough=
nese of the terrain., We can 800 thig boundary layer even in Fipure 11,
where Lhe top of the slowed=down Louncary laser Le narked by the layer
of oharacteristic strong wince,

In the boundary layer, the horizontal veloeity of the wlid increane
with altitude from uvere veloelty nb the ;round to the velocity of the
general flov. i arman has workod out a gimple vrocedire for determining
the verticel velocity of s fraction upwind. The Lollowing relation can

' be estubilshed between vertical veloelty Vz, hor} zontal veloelty Vo, al=

titude i, and distance X from the start of the rough #one on the prounds:

; NV
VI

1f we have, for instance,
% = 1000 my Vy % 20 m/sec, H = 200 m, then it follows that
v, =2 n/sec.
Thus in crder to make use of friction upwinds in glider flight, the

winds must be quite strong. Furthermere, the upwind zone that can be

utilized is limited; e.g. 4o & nerrow strip along shore. Therefore the

friction upwinds do not seem to be of immediate interest for glider flight;

nevertheless this type of upwind should be kuown for possible future utili=-
zation.
D. THE GEMERAL INTEREST IN S04RING

Flight in the upwind of obstacles has brought sbout a very careful

i : study of the effect of complex ground configurations upon sir flow and has
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slowly plven rise to the development of meteorclogleal aerodynamics. At ‘
.yepeht, soaving does not yet hold a preeminent position, but 1t would be |
felse not to reccgnize its importance.

For plider training, upwinde are nlwass a ereat help,

Un the otier hand, d. ring long=distance fllghte, even in faverable
weather, the llot wlll be luckyﬁ to find even ore upwind while walting
for the develo.nent ¢f & new tuormal rust.

Likewise, in disousslens of thermal alr eurrents, we vwill often come y
back to the preceding stutemente on the phienomens of air flow over terrain |
obutnelen, sirce air flow over rround will obvliously lufl.ence the gen=-
aration of thermsl upwinds, Furthermore, it ig lmport-nt for all pllots,
whether flying powered or motorless airplanes, to stidy the lower layers
of the ntmospliere which are influenced by grounc contours; that is, they
should study the atmospheric "surf", ih analogy to the sea surf.

it a certain altituce, these "storms" of the scrial "ocean" will
not uffect an nirplane; but close to the pround, in the "surf" zone, they
msy have :erious consequences. The gtudy of flow forms in this import-
ant zone allows the pilot frequently to mske rough flights more ples.ant
and often to avouid dunger.

The .receding statements dealing with the effect of mountainous

obetncles on alr ourrents will now be illustrated by an exam:.le of their
practical utilizstion, namely long-distance pure souring flight. Figure
15 shows very nicely that such distance flights are flights from one crest
to the next, in the course of which the pilot gains altitude while [lying
over normal slopes with a wind which blows across and not around them,

The upwind is greatest when the gradient of the slope is grestest; i.e.

when contour lines on the map are closest together.
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Such a long=distance flight is a constant flght sgairst the ground,

|

In fact, continued mountain chaing are rare and in flying from orest teo
erest the upwind zones are frequently separated by lurpe dewnwind zcnes,
1t 18 a nstter of skill and knowledge for the pllot to know exsetly his K
raletive altitude and the axtent f the downwind zone Ln urder to be able

to rasch the rext slope.

s S

Rt

For scaring, the pllot needs two qualities: il must have perseverance

/ to walt in an upwind zone until the sailplane hrs reached the necessary

altitude to fly to the next slope «ard he must also be capable of muking

el

quick declsiong, 8o that he will lesve the upwind zone where he is safe !
at the moment when he hus resched the nccessary altitude.

Furthermore, urwinds are also subject to the effects of night tem=
perature snd become consldirably wenker over a continental mountsin chain,
wven though the wiid might increase., 'This has a vory simple cause: During é
the nlght the valleys around the mountaing are filled with immobile cold
alr which in & sense flattens out the contours, so that the slopes are i
completely submerged in a cold air mass or emerge only a little, thus cai=
siderably weakering the force of the upwird,

For the hest scsring conditiens, the most suitsble terrain is the
sesconst. During the night the sea is comparatively warm and the hori-
zontal velocity of the wind is greatest, so that most fauvorsble conditions
for soaring are established. It is thus best to seek the regular dunes

parallel to the seacoast for setting endurance records in gliders.

-~ END OF CHAPTER 2 =
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\ CHAPTER 2
TUERMAL GLILER FLIGHT

' 1, Genoral rinelples.
i we shall now describe the first theraal f1ight, 30 April 1928, not
80 ﬁuch to resall this hiptorie evont s to volnt out all the churaotar=
1gtlas exemplified in this flipght.
tnls flret thormal flight was of the fre- tagt {nportance, baesuse 1y
confirmed the nowly diseoverad possibilities of plider flight nnd becauso
1t was the true gtarting point of motorleas flight,
Two important obgarvations on 2:2252% clouds wery tho stim lus for
this first tentotlive thermal £llght: namely the cbservatlona that clouds
i form and dlssoclate at {ntarvals of 25 to 30 winutes and that this 1heno
menon Ls repsated nlways at the sume point with resvect to Lhe gsun's posit=
1 (‘_ ifon, MHence it w:s congluded that m clouds nnd, even moru 80, up=
wing fields have g gtutionnry development during a certnin pertod. On the
basis of these promising findlngs, the pllot Jolmrnes lelring wns ordered
to fly a llght 35-1pP airplane to Lhe base of a cloud and to describe wide
cireles with a olight bank =nd with Lhe engine ghut off. CoJSiderihg the
epa during which the experiment wes performed, the resulbs wors actonish-
ing: The pirplane did nob loss altltude and sl cceadod in remaining alot't
underneath the eloud. Thus the first human thermal flipght had been carried
| out, The baropyram of the flight (Figre 17) confirned the visuul obser=
vations, 1t Ls shown that the glrplane carried out a ghort glide after
s normal ascent and with the engine off, und that it cculd maintain it-

gelf-between polnts 7 and 10 on the barogram = in the thermal updraft

o of the cloud=without losing altitude for 9 minutes. Thus, the airplane's

i sinking speed being known, the vertical speed of the air underneath the

o]
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oloud could ba detarninad, Tne upward speed turned out to be 4 to 5 n/se6,
These speods are raraly attatned Ln upwind flelds above slopes, Thus
wae demonstrated Lamediataly the preat guperiorit, of tharmal scaring over
gouring abova 810ped.
2, Louilibriun conditions of the itmosphara.
The vertleal sjved and the devalopmunt of thorasd motion at nigh
Jtitudas de: ond on the womantary slate of gquilivriun of Lhe ataosnhare.
[ order to hnva abable nir, (4 s vot arough that the uppor lyyary
be less dense thun the lower luyurs, for the rolation Yotruen do.oity
wrletlon of anoaly aass In vertienl movemant, wnd densliy verlation of
Lo o rroundlup sthll alr wblL also huve w1 otlect.
Three =tutas of oauiliortum of flr ean be diottneualsheds
a) utable wauillbriums Alr mass Llifted vortienlly must ret ru to
tts oripload positlon, ainen Lts density vurlation with altltide s loos
than thut of the surrounding alre “hen rising, the slr wnys tgeoinus huave
{er than the surrounding alr and is therefore held baclk; in descwidity it
becomes llpghter than the gurrounding air and gonoratos an nsconding force.
b) lleutrsl equllibrium: An air mass Lifted vortically can como b0
west at any nltitude, becnuse its densiy veries at the gnne rate as that
of the surrounding il
¢) Unstable eaullibrioms Al n. mass Liftoo verd.cally continuos
> in 1ts original motion and is nceelerzted, becaise 1is density pradient
at various altitudes is groeater than that of the surrounding air. The
, air mass becomss lighter than the surrounding air masses during its mscent,
and heavier during its descent.
Depending on the direction of the vertical mot lon, am%.qir mnass 1s
{pfluenced by Lncrease or decrease of pressure and will exiand or contract

; i adisbatically, as the case may be, without taking up or giving of £ hent.
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But thls air uass, bocause of the effect of the loss or galn of energy
during compression, will eqol o1t or haat up, lesting and cooling ocewr
according to the adisbatlc law ana gorrespond Lo a Lemaral.rTe variation
of AT 5 1°C¢ par 1CO-mater chanre of altltude. Thus, in ncutrel equll=
tbrium, 1f the alr melosile set In vertleal motlon Lu subjueted to the aame
dansity variation as tho surrounding air, 1t will slso be subjected to the
adinbatle laws and show i tomeeratire erodlent of 1°¢ per 100 w,
Thors fore, by wwany of tie vertienl tem nratire gredient, tie enullibrium
condtlong ean be oluucified necordlng to Lho followlns manner, os shown
Ln tue moaarlonl teblos
Tan eretire tn 9C

altitide Still Verticully Cti1l Vertienlly  otill  Vertically
in m alr moving alr uir mbving air air moving alr
1500 2 > 5 5 12,5 5
1000 B 10 10 10 15 10
500 14 L5 15 15 1745 15

0 20 20 20 20 20 20

Lnstnble [ndifterent wlnble
equilibrium eur Llibrium cquilitrium

B AT | .o 8T .\ AT 1%c
e annoom | € YR

In an unstsble emuilibrium, the tempersture deereuent for 54111 air
has been agumedui.2°c/100 Mm. An air molecule lifted by the force of a
slight pust or by a terrain obstacle has a temper:zture gradient of 1°/100 m.
Thus, at 500 m altitude it has nequired an excess temperature of 1°; at
1000 m, 2°; and at 1500 m, 3°, Therefore the ascending speed of the particle
increases with altitude. This explains the great possibilities inherent

in thermel flight.
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Iu vhe example of neutral equillibrium we find that the tempersztires
of £t111 and moving air are the eame at all altitudes. There is thermal
aquillbrium =t any altitude, and vertieal alr moverents are disslpated

through frictlon and ean stop at any arblirary altitude,

Aln the case of a stable atmesphera, the tamporature gradient 1s 0.59
per 100 m, A molecule in motion will cool off by 1°¢ per 100 m; i.0. with
respect to the surrounding still alr, it Laecomss celder when rising and
warmer when falllng. At an altitide of 500 m, the negative difference
in temparsture has already renched 2,5%; the partlele will thus return
Lo 1ts inltlal positlon at pround level due to {te nopatlve nccelerstion,
In stable equilibrium, the vertieal movimonts which huve Leen starind are
thus slowed down and the fres vertlceal movenents of alr will produce dis-
tinet conditions only within a limited range. The chances of thermal
f1ight under stable equillbrium are therefore rather slim,

Tem erature=-altitude dingrames show very clearly the state of equll=
tbriun of the atmosphere aund the vertical moverents of Lsolated alr mageus.
Thess praphs of the atmospheric state pleture woll the thermal condlticng
and tre corresponding nrospects of thermal soaring.

In a coordinste system, the tem-eratires aro ghovn on the absclsaa
and the mltitides on the ordinste., If we draw the preph at a scale which
will show 1°C of temperature and 100 m of altitude by the same unit of
length, adiabatic temperatire distribution will be reprecented simply as
n etright line with a 45° slope (Figure 18), For tnis gradient, still
air and individually movinpg molscules have the same temperature at all
altitudes, 1.0, the abmosphere is in a neutral state of equililrium. In
figure 19, a stable equilitrium with a ground temperature of 200C is re-
presented. Temperature variation with eltitude of the still air is re-

presented by straight line T. We now assume that a small isolsted air

- 19 -
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mags Le lifted from the ground., In the course of its aseent, 1t will
undergo adlsbatle cooling of 1°C per 100 m. Temperature varlatlcn with
altitude will be represented by vhe adisbatic lin@ T'. Ve find now that

the ascending alr mass ls colder and heavier than the surrounding air ad
that a return foreo acts upen Lt, Thls return foree increasss with nltitude,
Thus the vertloal motlon of the air msas ls ranldly etouped and, bacause

o' the descarding [ores, it will ugain sink down to vhe pround.

At Lhe moment when the air ﬁés the saue tenperature, be it moving or
still, there ls thorugl oq ilibrium and, until vertical movement is reaumed,
the ntmosvhere ig in iluble equilibrium. In this en.e, the adinbotle
line will be loft of the curve of still air, ¢

Iv un unstable condition, the phenomonon is reversed (lipure 20),

Lot A t/O H(= 100 m) be 1.29C, a vertienl rradient of terperature,

It an isolnted alr wass if lifted sliphtly from its rest position, ite
temperuture will vary adisbetically with altitude, becomlng warmer and
therefore lichter than the surrounding air, end will thevefore be acted
Lpon by?gécending forcs which inereases with eltitude. The nimosphere

is therefore in un~tuble equilibrium and the adiabatic line will be right
of the cirve of ¢till air, )

In nevtrsl equllibrium, the temperstures T and 1' will colrelde
ard thus form one line, the adiabatic line £t/ & H(= 100 m) = 1°C,

These simple graphic represertations can always be used to indicate
the various possibllitles offered by vertical thermal currents.

3. The thermal energy sources of the stmosphere.

These considerations of the eauilibrium conditions of Lhe atimosphere
have given us an insight into the physical bases of the vertical motion
of air currents. In order to sclve the problem of thermal flight, we must
now find out which are the sources of thermal energy which the atmosphere

has placed at our disposal,

- 20 -
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we shall proceed from the basic ides that our atmesplere s a tuermal

maohine with a hot and a cold source. It exohunges horizontally ouantities

of heat, betwesn the tropleal and polsr regions, in tre form of hot air !
magpes from the troples ndvanoing toward tie Korth and cold polar alr wasces
advanelng teward the Gouth.

While this horizontal hent exchange ie of great importanc. for the
temparature prevalling on the earth, 1t ls of only limlted Interest for
plider £light at tho resent time,

The flow ever mountsin obatrcles whiech plves rise to updrafts over :
slopes 1s tre result of thiz horizontal hoat exclhange and of the pressure

dil'terances caused by 1t.

However, the thermal i\ drufts are eaused by anothnr kind of function
in this atmospheric thermal mrehine,

If wo reenll that freezlng temperaturcs are encountered at 4000 m
altit.de in mid=summer, it is easy to realize that there is a loenl ex-
change of energy slong a vertical line betwsen the hot source at ground

level and the cold source at high altitude.

The kinetic energy of the vertical motion of air which is utilized in
soaring represents simply the transformatlion of the potentisl energy of
tbe nir column above a piven point, "This potential energy is the grester,
tie preater the heating below that point and the greater the cooling above it.

These two phenomens, the heating of air at ground level ard the cool-
ing of sir at high altitude, impart to the air unstoble equilibrium and cause
the potentisl energy of the still alr to be transformed into the kinetie
energy of the vertically moving ailr.

How do the heating and cooling of the atmosphere ~nd the ereating

of vertical movement of air masses take place? This is the fundamental

problem of thermal flight.
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The unstable temperature distributlcn which makes tre ove-tion of
updrafts poesible can be the result of various phenomenas

1., The heating of the ground snd the adjacent ailr layer by dlreet
Insolstion. LI we wliminate cloud formations, this phencmenen leads to
the formation of jure thurmal currents, by which term ve mean thermal up=
drefto ccc ring ln cloudless weather.

2. The arrival of water vupor produced by wynperatlon on tie ground
or by advietion, 1.0, the srrival of an © ganle elr current., The heat
of condensatlon llberated by the formatlon of clouds frees a great amount
of potential energy which mukes the stmosphere unstible and creates the
cloude updrafts well-known to plider pilots.

3, Coollng at high altitude, elther by realation of higher nnd more
humid eir layers or by adveclion of colder air at high sltitide. These
phenomena nre inde endent of the time of day and can produce therral up=
drufts nlso during the night, Since in this case the updratts are produced
at a cortaln altitude, regardless of pround condlitions, they are called
hlgh-=.titude thermal currents. In contrast to thermal currents caused
by henting, these high-altitude thermal currents are céused by cooling
and are of no great importance.

L. UDxcess temperature of a water surface as compared to the surround=-
ing air. This creates the marine thermal eurrents. Vhile the physical
prineiples of marine thermal currents are fundamentally the same as those
of thermal c.rrents over land, it seems advisable to treat thermal currents
over water separately, since the oceuns take a special position in regard
to glider flight. This thermal current 18 produced when the water tem=-
perature is much higher than the temperature of the surrounding sir. In
our geographical latitudes, this occurs“generally during winter. These

conditions sre also fulfilled in the event of an outbreak of cold polar air,
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In the vast expanses of the troplical seas, especially in the trade wind
zones, the water eurface is warmer tiah the air throughout the year, giving
rise to marine thermal currente.

4e Thermal £light without olouds, (Soler thermal ourrent)

Thermal flight in a clear cloudless sky is doubtlessly a difficult
problem in glidér flight, Since the updraft zones are not marked by clcude,
the pllot must locate them entirely on his own, alded only by his hunches
and by the lndlcations of the variometer. wspscially in this caeo, the
personal knowledéo of the .rinciples of tharmul updrafts is of preat help.

To treut the probler of the dry wnoteble stote of equilibrium of the
stmosphere, we must first ask oursolves, keeping in sind tha cuncitions
of euullibrium digcussed above, whether there are any thermal .pdrafts in
o dry stable equilibrium At/ A H(= 100)21°. It cun be stuted in an=-
gwer to this question that there are possibilities of pliding in an steble
atmosphere., However, the updrafts are lsoluted, ccourring only above fav=-
oreble terrain features, and do not rise very high. Let us imsilie a
clear sunny morning on a dry lawn=covered airfleld surrounded by woods end
fields, The aiv temperature is 209, ''he alr heats irregularly. Uver
the fields, let us assume, there 18 L1l a tesperature of 20°¢, The dry

sunny sirfield will heat more quickly; there the air tumperature will be

23%, In the woods, the air is still cool and has e temperature of only

189¢. Since there are different temperatures on the same Lovel, there is

no equilibrium, In comparison with the surrounding air st 203 the air over
the airfield has an excessive temperature, It will leave ity statlonary
position and rise. Figure 21 shows the vertical extent of this local up=
draft. In still air, the tomperature gradient betveen ground and 1000-m
altitude is 0.89C per 100 mj between 1000 and 2000 m altitude the gradient

1s 0.6% per 100 m. The riging air, with a tempersture of 23°C at the ground,

will be adiabatically colled by 19¢ per 100 m.

-23 -
RESTRICTER

Declassified in Part - Sanitized Copy Approved for Release 2012/03/07 : CIA-RDP82-00039R000100050051-0

:

-

s

3

g

o ik e, B




Declassified in Part - Sanitied Co p
py Approved for Release 2012/03/07 : CIA-RDP82-
: P82-00039R000100050051-0

A

&
&
5

| i RESTRICTED

A comparison of the temporature ocurves of the rising air and the
surreunding still alr shows at once that the alr over the sirfield, over=
heated by 39, can rise Lo an altitude of 1200 m, Up to that altitude it
posneERES AN ancending foree and its motlon 18 nccelersted, Sinee 1t has
1ts greateat verttc;l gpeod at an altitude of 1200 m, it begins to go be-
yond ite altitude of thermal equilitrium. But tie return force slows 1t
down rapidly and 1t roturns to Lie altitude of esuilibrium, Further ex=- :
amplos will show that the hirhest altltudes attalned by glideras, whan ;
their sinking sjeed ls taken Lnlo neceount, corres.ond very elosely to the §
altltude of equilibrium of rising alr mascos. Thorefore 1t 18 unnececsary i
in jractice to pay much notention to alr movement above the aliltude of

. equill rium, Local inereases in temperature, encsod by the uncven heatinr
3 . of the ground, will craate isolated tha{Z%nl upérefts of limited altitude
in a steble stmosphere., These condltions charsclerize the early morning
i hours of clesr sunmer days.
Let us now ceal with the u,drsfi conditions around noon or the varly
afternoon of a hot summer day. In this example, the formatiun of cleuds
{8 not mecesssry., The lower air layers are generslly overheated by strong
insolation; the etmosphere for soveral huncred meters above ground is thus L
unctable, I Lhe tem, erature=altitude dia ran of Figure 22, the etill nir
up to 500=m altitude has the tempersture gradient At/ & 1(=100) = l.2°C;
from 500 to 2000 m the equilibrium is stable with a temperature gradient
of 0,8° per 100 m. An 1solated air mass which Ls rising adisbatically is
then carried to an altitude of 1400 m. If the isolated alr mass has a
é : temperature excess of 2° at ground level, it will rise to 2000 m. Since
dry unstable temperature gradlents are found only up to a few hundred meters i
altitude and do not‘gre-tly exceed 1°C, these thermal updrefts without %

]

% clouds generally do not rise very high., Although the ingtebility of the
i

1

|
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lower layere plves rise to the condition which causes free updrafte, it
16 of importance only near earth's enrfece, There develops an interahange
of uparafts and downdrafts with ne regular dietributlon, reaulring gred
experience and sklll in flying, The apcerding air forms a ilimited laminar
flow., The dismeter of the updraft zone 1g of the order of several dekameters.
For raagons of continuity, a downward movement mist corresuond to each
secendlng current, ‘this downdraft panerally has different cheracteristics
from the vp&raft, volig not a limited movement, but an irregular downvard
moverient of air masses exlendlng over wide sr ne wnd progressivels slack=
ening during the deucent.

sven Ln unstible equilibirium, an exterior stimulie is required to
L1itiate tho vertlcal movement, bucn.se up 10 a rredient of 3,4°/100 m
the decrease in pressure will exceud the docrease in temersture; thus tie
air will remailn ttatleully in gtete of equilibrium. iowever, ln this un=
slable almos;here, one isolrted particle will r ceive a chuu.ce iapulse
through turbulence or from a gmall terrain obstmcle, and this noglipible
initlal movement will trigger or release a huge vertical movement of air.

pigure 23 shows a rapid recording of the temperature in air layers
nexl to the ground, between tre altltudes of 4 and 80 we It iz seen that
an extremely nigh gradiznt mey oceur between 4 s1d 15 m, of the order of
4° per 10 m. In the free atmos here, such high values are never attained
nor any nearly that high. R

This highly overhested lower layer {8 called the "thema. boundary
layer" of the atmesphere. It‘is the ibn;.whigﬁ is therorigin of the up~
drafts observable ;n.éhé‘éf;und. Every automobile driver knows this layer
in the form of shimmering layers of hot air above the highway on hot mid=-
summer days. This boundary layer which can be seen in Fipure 23 extends E

to an altitude of about 15 m. It is also evidernt from this illustration

-5 -
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\s\ that updrafte try 4o burst out through the wprer 1imit of this voundary

layer. ‘Highly overhacted alr wagecs at the ground detach themselves from

tue ground at ragular intervals and begin o rise, Thelr place is taken

by colder air magoed which descend. 4

; The variations between 22 and 26°C in the temperatLre of the boundary 4

luyer show that it is cooled from above and then hoats up agaln until a

pew updraft of hot air is released.

SE R e

Figure 24 shovs the formation of the cold loundary layer, which takes
place ghourtly before gunset when ihe ground ls no longer {nsol-ted. 1In

thig 1llustration, & foeble updreft can be recognized at 1510 hours; after-

verds there are no move thermal currents and the temperature gredient is

i

modified.

s

.

wind recordings also ghow very clearly by, varistions in force and

! direction, this periodic relesse of the boundary layers. Figure 25 shows

a recording with prectically no wind until 1130 hours. At that time the

cycle of thermal emissicns beplng. It can be seen from the more oI lass

’ ‘ regular wird yariations that the rising air of the overhested boundary

layer i8 raeplaced by & discontinuous influx of fresh air in a horizontal :

cirection, ©n the basis of absolute maximum winrd velcc;.ty'an‘average

period of 25 minutes is obtained for the re]@case of updrafts. The varia=
tions in wind direction correspond to the varistions in wind veloclty.
The fresh air which flows in horizontully from the surrounding aree arrives
4 once from the North and once from the south., In the example of Figure 26,
the r».ecord«ing of wind direction shous the periodie emi.sslors more clearly
then does wird velocity. The mean wind veloelty, in this measurement, 1s
rather high and oceasionally reaches 10 m/sec. The emissions are not as
bi i‘- | frequent, but they are narked more sharply. During esch emission the wind

shifts from East to Northeast or to North. The period of emlssions hereils

approximately 38 minutes.

- 26 =
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The flow of thermally riging alr above the boundary layer is excellent=
1y demonetrated in desert ereas where the boundary layer sparkles and re-
flects 1like the surface of & large lake., Suddenly there rise from this

layer narrow sandspouts, 8 striking spectacle which enlivens the monotony

1
1

;
i

of desert landsocapes.

e

During the dog days, these 1ittle whirlwinde ccoasionally develop

L

aleo in our climate above extended overheated aress with cocler zones near-

Ry

by. One of these miniature whirlwinds was detected by pure ohance during

S o™ B

measurements performed with e statiocally ‘balanced meteorological balloon,

o T

as shown in Figure 25, It demonstirates clearly the discontinuous veriations
in wind velocity and direction, characteristic for thermal surrents.
’ During the l4th mirute of the recording, the balloon was seized by an
| ascending flow and carried from 500 to 1100 m altitudes; and after several
mimutes of calm, & raplid downward flow arose, with uncommonly higﬁ vertical ?
0 i velocities. These movements of the balloon can be considered as conforming
; to Letzmann's pattern of small whirlwinds, with the air on the outside rising
in a sinusoidal spiral and a downward compensating flow through the axis
of tho vortex, There is also a report aveilsble on the meeting of a glider ¢
with such & yhirlwind. The pilot obgerved a dextrorot@y whirlwingd, half @
meter in diemeter 100 m below the base of a cloud, which he could not avold.
His left wing was caught in thie whiflwind and reised, 80 that the airplane
vas suddenly atoo%%fga wing tip. According to the pilot, only the sturd‘ -
‘nesa of the airplane prevented & crash.
The phenomenon of f£low above the poundary layer cen also be shown e x=
perimentally by setting up smoke pots in a big circle in a strongly over= %
heated area. At first the smoke emitted will flow arbitrarily in ell dir=

ections, but puddenly the smbke from all pots will converge in one definite
(e}
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i‘~ point within tho oircle and rise in a nontinucus column to a certein altitude.
One of these experimente showed that the emoke flowed toward a cloud ih the

e

procese of formation at that time at an altitude of 1500 m, whereby-all faoc=
“ore in the development of thermal updrafte wore demonstrated,
' It has been emphasized above that an unstable air layer requires em ecme

|
a

initiative impulse before it can rise Ireely. Isolated air masses must
undergo a slight vertical disturbance by an external impulse in order to
contime rising frecly under the influence of unetable stratification,
Thie release of unstable stratification can be initiated byt
a) terrain cbstacles (towns, forests, hills, mountains)

b) turbulence in the surrounding air

R

The release of thermal updrafts can be observed over any terrain ob-
stacle, mountains being the most effective one.

The air flows against the mount%ins and is forced to rise along the

| slopes. In an unstable atmosphere, this upwind changes into a free thermal
@ updraft. Under these cirocumstances, the upwind grows and reaches vertical
speeds quite different from thoée of the simplified discussed flow phenomens
corresponding to the flow of incompressible fluids.
Figure 28 shows the barogram recorded in a glider. It cleagly:;hons "
a pure upwind ebove a slope and the transition from this glope upwind to
a thermal updraft. '

. The release of unstable air masses is a phenomenon which has been
studied by numercus measurements carried out by gliders and statically
balanced meteorclogicel balloons. The emission phenomena over mountain
erests or slopes are the most imteresting. Because of the release of air

§ in an unstable thermal state over the crest, the upwind zones are not
‘ strongest on the windward side of the slope; but, rather, the upward flow

f“' -ﬂ sttalns 1ts greatest force on the leeward side.

-28 =
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The flight paths of balloons, ghown in Figures 29 and 30, were reoord=

ed on the ssme day and over the same terrain but at different moments.
The firet measurement (Figure 29) was performed at 1107 hours, the seochd
i one (Figure 30) at 1135 hours. They show the same picture. The location

of the upwind zone in both recordings is the same. A third measurement,

performed at 1505 hours on the same day, shows a strong upwind zone to the ;
Jeeward side. This series of measurements shows that more or less fixed

upwind zones develop to the leeward of & mountain massif, in the same manner 2
as the stationary upwind zones yhich we will finally encounter in Chapter ﬁ

IV in our treatment of flow phenomena associated with fixed waves.

The following flight paths (Figure 31) show the phenomena of release i
# ‘ of the thermal boundary layer over flat terrain, especislly at the edge
of a forest or, in general, whersever there is a change in roughness of:the
groundlsurface. The flight paths. of the balloons show that the overhgated
ground air is blown slowly toward the forest edge, following the wind dire &
i ection and that 1t is lifted above the ground there to generate a thermal
i updraft above the forest.

Figure 32 is elso very instructive. A belloon was released from an
airplane at 500 m altitude, After its release, it began to drop and then
remained for nearly ten minutes witﬁout any vertical motlon. Then sudden= i
1y, 21 minutes after its release, the balloon rose rapidly at a speed of
2.5 m/sec from‘BOO to 1100 m. This ascent also took place above a forest

edge. Obviously the following phenomenon has taken place: Upwind from

the forest is an overheated boundary layer. oA small gust pushes the bound-
ary layer above the edge of the forest end releases ‘the ascending flow
which seizes the balloon of Figure032 at an gltitude of 300 m. A number

. (o]

of measuremente performed under the same oonditiona.confirm the existence

of an updraft fleld over the forest.

-29-
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Figure 33 uhows such un updraft field downwind from a forest., Of

i
H

course, the updraft is not stationary. However, it indicates that for a

certain wind direotion and etrong insolation updraft fields are fairly
frequent on the downwind side of forests. These phenomena of updrafts

over mountains, hills, forest edges, and towns, are good means tor‘locat-

'
i
ing thermal updrafts when there are no olouds to indicate their existence. §
If the wind's force at the ground is great, an undisturbed boundary layer
will form only with great diffioulty; since the turbulence of the flow
s will always remove new particles from the layer, thereby continously de=-
stroying it., Free updrafts will not develop, except as short choppy gusts.
Temperature inversions; atmospheriec blocking layers.
s ' In the above treatment of the subject it has been assumed that teme= )
perature decreases continuously with increasing altitude, which is the
normel phencmenon of a cooling atmosphere. However, it is frequently found

in the atmosphere that temperature decrease with increasing altitude is

interrupted by a narrow layer whose interior has constant temperature or

o even increasing temperature with increasing altitude. The increase in tem-
perature can be quite coneiderable, 1£ the winter reaching as mach as 10°C.
A These layers, in which the temporature increases with increasing altitude,
are called tomperature inversions. If the temperature remains constant
)with increasing altitude sbove a certain layer, we speak of isothermic

E conditions. These temperature inversion layers are very important. They -

are very stable and can thus slow down considereably thgiupward movement
of air and prevent the air masses from rising higher. \;herefore the in-
4 version layers are also known as blocking layers. The inversions®also
represent the boundary layers which separate air masses of different pro-

b K , perties (humidity, vieibility, wind direction and force, etec.). Figure

3/ shows an example of tempereture inversion in which the temperature

RESTRICTED

Declassified in Part - Sanitized Copy Approved for Release 2072/03/07 : CIA-RDP82-00039R000100050051-0



|
Declassified in Part - Sanitized Copy ABEroved for Release 2012/03/07 : CIA-RDP82-00039R000100050051-0
i,

. o -]

(¢
(<}

RESTRICTED

le}
O

riges 3.5° between 1500 and 1800 m. To this example the air is dry and

unsteble betwsen the ground and an altitude of 1000 m, with a temperature
gradient of 1.1° per 100 mj nevertheless an isolated air particle rising

from the ground having an excess temperature of 50 is prevented by the in-

1]

version from rising above 1700 M

If there is 1ittle or no insolation, ae between evening and early
porning or in the winter, these temperature inversions are very common.
Inversions at the ground are formed in the lower layers, when the tem-
v . perature of the soa becomes lower than that of the air. Figure 35 gives
an example of thiu.r Under such oondition;, obviously, thermal updrafts

originating at the ground cannot leave the ground. The adiebatic line,
i : ‘ for an initial ground temperature of 15°, will always remain left of the
ourve of still air temperature. An excess temperature of 6°C is required
before an isolated air mass oan leave the ground.
The sbove example shows, above the inversion at the ground, a gradient
of 1?1° between 500 and 1100 m, and thus a dry unstable state. There ocan
thus be th;;mal updrefts in the zone between 500 and 1300 m (adiabatic

line T"), as far as isolated air masses can be displaced from the equifs =
\ibrium altitude. In this axample, the updraft is initisted by a chain of
mountains. In the cate of temperature with unsteble stratifiostion, air

1ifted b§ this manner above 500m can freely rise.

SO L

We have here an example of mountain thermal updrafts in the evening
which persist while daytime thermal currents and updrafts originating in
the walley have already stopped long ago because of the evening coolness.

Fignre 36 shows the destruction of the ground inversion by the pro-

gressive morning heating and the start of vertical thermal movements.
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% The ground 1nveraion,abaut 50 Ry deep,is attacked by the ground eair

masses which becoﬁ; overheated by growing insolation to progreesively

|
. greater depths, until the inversion disappears altogether around 1100 hours.
‘ Then an adisbatic gradient is produued which changes to a superadisbatic
g gradient., From that point on, thermal updrefte can reach high altitudes .
! At the end of the afterncon, the radiation from the ground becomes stronger
than ihsolation and thuse a new inversion is formed, Upon this gtabilization

of the air, the thermal updrafts stop since they have been out off from

the zone generating them, and tend to disappear to higher altitudes. This

phencmencn of the formation of inversions on the ground can be demonstrated

by the rapid recording of temperatures between the ground and an altitude
3 of 80 m. Figure 24 shows that there is still a thermal updraft traveling
! quickly to higher altitudes at 1440 hours. The following emiasions of

the boundary layer, between 1450 and 1510 hours, are already weakened con=

siderably. Immediately after this last updraft, the inversion is formed at |
an altitude below 50 m, thus preventing the development of any further dev= l
elopment og,nnﬁ-ﬁunthor updrafts. At 1600 hours the inversion at the ground \

S

has been completely formed and the adjacent layers are in a thermal state
of rest. It is astounding to sgee how upper layers react quickly on & thin,

less cold eir layer on the ground and how thermel vertical ocurrents are

Sl 7

gtopped by the formation of an inversion at the ground. On some days, with i
i
1

full insolation, the stabilization of the lower eir layers may be so strong

as to stop the development of thermal updrefts altogether. i
i Examples of inversionss ' I

a) Brazil: =

In the course of a glider expedition to Brazil, it was found on a
number of days that the best chances for thermal flight at Rio de Janeiro, !
that is, in the immediate vieinity of the Atlantic Ocean, are between 900

and 1100 hours. Often, all chances of thermal f£1light are gone by noon,

2-

3
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just at the time of highest sun. The reason for this surprising phenomenon
18 the transition from a land breesze to a sea breese which cccurs at noon.
Night and morning, thers is & slight wind from land which is caused by the
strong heating of the continent. The land wind heats upiquickly and strong=-
ly unéor the influence of the sun and offers excellent opportunities for

gliding., The temperature ourve, due to the land wind, is ih an unstable

| equilibrium, in the dry state, up to 1100 m altitude; then its instability
' increases greatly up to the eloua ceiling. The conditions are altogether
different, starting at noon, when the sea breege blows in the Atlantic

coastal regions.

A thin film of sea breeze slips underneath the mass of hot air and
J ; detaches it from the ground. There 18 now colder air underneath the higher,

;‘i ‘ warmer alr masses so that the atmosphere is completely stabilizeds The
' diagram of the temperature of see air (Figure 37) shows that the cooling
b extends approximately to 600 m and that its altitude is limited by a strong
inversion. Cooling by sea breeze amounts to approximately 6°C. The adia-

l batic line is completely left of the curve describing the state of the air;

; thus stability is complete. Beside the impossibility of thermsl gliding
- L despite a temperature of 28°, the stebility of the air is also shown by the 4
complete sbsence of any gusts. With full insolation and with a 6 to 8 m/sec

wind, it is possible to fly an airplane right next to the sheer rocky cliffs

near Rio without noticing the slightest turbulence.
- ‘ b) Libya

Analogous conditions can be found along the North African coast in

Libya. There exists a great difference in the possibilities of glidef flight
betweon Last wind and West wind. As seen from the coast, the East winds
come directly from the sea, while the West winds have to traverse a stretoh

of lend, Figure 38 gives the curve of mean temperature at Homs, 50 km

-3} .
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East of Tripoli, for East and West winds, as measured during researoh
flights carried out between March 29 and May 5, 1939. These curves ahow
that the East wind is definitely warmer than the Weet wind, especially
above 1000 m altitude. However, the East winds' temperature curves shows
an inversion at 1000 m, while the inversion layer for the West winds is
as high as 1700 m. Thus tne altitudes attainable by gliders are limited
to 1000 m by the East wind, and to 1500 = 1700 m by the West wind. These
eltitudes are confirmed by actual flights performed, as shown in the max-
{mum altitudes attained for a West wind on 2 April 1939 (Figure 39).

At Garian, on a 700-m high plateau 120 km from Tripoli in the interior
of the country, the sea breeze is no longer felt (Figure 40). The
inversion altitude for the East wind is 2000 m, while there is none for
the West wind. The scundings of 9 April 1939 (Figure 41) showsthe cor=
respondence between altitudes reached by glider and the equilibrium
altitude of rising air. The inversion being mch higher, the possi=
bllities of glider flight at Garian are much better than at the coast of
the Gulf of Libya.

The barogram of 4 April 1939, (Figure 49) for a long-distance eastward
flight from Homs across the Great Syrtis desert, shows very well the dife
ference betwean the two meteorclogical regimes at the coast and in the
interior. Near Misurata, the coast desoribes a right angle toward the
South. South of Misurata, the West wind traverses a rather large stretch
of land. Therefore, the barogram shows at this point a higher ceiling,
while at Homs, under the influence of sea breezes, soundings of the teme
perature during the day indicate an inversion at an altitude of 900 m,
namely the‘ceiling altitude for flights along the coast. 'South of Misurats,
to the contrary, the continental influence is stronger and a glider can

rise to 1700 m, All along the flight, altitude variations are slight.
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This barogram is a good example of a flight underneath clouds or, perhaps,

for the stationary waves along the coast. These aspeots Will be disoussed
below.

5, Cloud flights

Until now, for the sake of simplicity, we have considered equilibrium

[}
i
i
i
|
|
i

conditions of the atmosphere without toking into scoount the phenonena &£
condensation end cloud formations in the ascending flow. However, a rising
air mass will generally cause the formation of clouds. These clouds are,

on one hand, the most reliable indications of the existence of updrafts

and, on the other: hand, increase conaidersbly the speed of the updrafts
When a cloud is formed in a rising air current, modifications in
e ‘ ‘ the thermodynamic state of the rising air become quite complicated. Ve
‘ } have already noted that non-saturated rising air cools off by 1° per 100 m

at any altitude. When the phencmenon of condensation intervenes here,

| these simple relationships change. Physics shows that the vaporization
of water requires a considerable amount of heat. This heat of vapor= !
jzation is contained in the water vapor in the form of latent energy and \
15 liberated upon transition of the water from the gaseous to the liquid 1
state (heat of condensation), Consequently, when adisbatic cooling of a
non-gaturated alr mass causes condensation, the heat of condensation lib~
erated thereby is absorbed by the:rising air. Thus, the cooling of the

air, which was 1°¢ per 100 m in dry air, becomes leas because of conden-

sation, so that saturated humid eir which is rising has a temperature
gradient below 1° per 100 m.

é
|

w35 -

RESTRICTFN

Declassified in Part - Sanitized Copy Approved for Release 56712/03/07 - CIA-RDP82-00039R000100050051-0



\
\
|
|
l

Declassified in Part - Sanitized Co PP 7
py Approved for Release 2! :
e 2012/03/07 : CIA-RDP82-00039R000100050051-0

o

RESTRICTED

This gradient ie not constant, but is a function of temperature

and pressure, ag is shown by the following tables

Altitude 2 20 Temperazgrel 0 20 20
0 . 037 0.44 0.54 0.62 0.75 0.85

1020 0.37 0446 0,56 0.68 0.82 0,90

2000 0.38 0449 0,60 0.75 087

3000 0.40 0.53 0.65 0,82 0.89

4000 0.42 0.57 0.73 0.88

Thus, the equilibrium conditions vreviously given for dry air must be
complemented by the relstion for unstable humid equilibrium

This condition means that an eir mass of gradient below 1° will
remain stoble as long as there is no condensation. Rising saturated humid
air is thus no longer cooled adiabatically, but aceording to the adiabatics
of mumid air with a varieble decrement of temperature.

Thus the adisbatic line for humi& air is no longer rectilinear, but
is a ourvilinear function of altitude and pressure which approaches the
adiabatic line at high altidudes. As an 11lustration of the importance of
humid-unsteble equilibrium, let us consider the example in Figure ?l. A

In order to rise froeiy in a stable atmosphere, an gir mass requires
excess temperature in relation to the surrounding air. For a temperature
excess of 3°, this alr mass will find its altitude of equilibrium at 1100 m
1f no condensation takes place. Now let us suppose that condensation takes
place at 900 m, under the same temperature conditions (Figure 43). The
gir particle, which up to this altitude has followd the sdisbatic line T,
along its further rise will now cool off according to the adisbatic line
for mumid air T and will reach its equilibrium altitude at 2100 m, the

.36
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eir having beon 1lifted an additional 1000 m by the energy liberated

during condensation of the water vaper. At the same tims, during condensat=
ion, the particle will be accelerated. The upward veloclty of the air in-
oreases considerably upon arrival 1n. the oloud. Thus, cloud flight is a
considerable improverent over ;:uro thermal flight; therefore it is not

gurprieing that the first thermal £light was in the updraft underneath

| a cloud.
Figure 44 piotures the vertical veloolties in an unatable atmosphere.
They are computed mathematically from the differences in temperatures T'

and ™ and the temperature T of the surrounding air. In the axample given

here, the atmosphere is stable up toa;'dtittdde of 1350 m and becomes pro=
gressively more unstable and humid above that point.
It was not the excess temperature, but a 900-m hbgh-mountain, which
. caused the rising of the flow which attaired an altitude of 1300 m at
the humid-unstable layer. Inside clouds between 1300 and 2400 m,. the vert-

ical speed goes from 1 m/sec to 6 m/sec. This 13“@31 example and corres=

ponds to the first glider flight in a cu@lus cloud. The glider was fly- ‘

S e e e e

ing underneath a cloud and was sucked up to rise 900 m in 3 mimites. The
pilot, who had no specisl equipment apd had never done any bhind flying,
o lost control and did not recover until he had reached 1600 m. . Allowing i

: for a sinking speed of 0.7 m.sec for the glider, this means that there was

a vertical spesd of 6 to 7 m/sec in the cloud.

This example teaches which terrain offers good opportunities for gliding.
A combination of soaring over slopes and thermal flight is expecially in-
teresting for training terrain. This combination is given in flat terrain
o which is bordered at the downwind end (with respect to prevalling winds)
beo . by 4 CHaiN ©f HIlls, 48 is ths Gash WhsPs a broad Vallay has one side ‘
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exposed to the prevailing wind. In our olimatic zone, elongated terrain
running SW to NE is favorable, since slopes running aling this direction

are exposed to prevalling winds and are insolated for long periods,
) Co We shall see below that terrain of this type faoilitates gliding dur-
ing the winter when there are no thermal updrafts, by the utilization of
1ifting waves.
We cite as an example the region of Mantes which fulfills the above

| conditions very well.
Let us discuss three different cloud flightse performed on the same

day and in the same spot. The temperature diagrams show an almoet in-

different equilibrium below the clouds and, starting at 1400 m, a hunid-
unstable condition which increases with inoreasing altitude. The highest

4 point of the cloud is at 3000 m, The flights on that day are qpite typical
i {1lustrations of verticel-speed distribution.in an average-sized culmulua

i % oloud. Although the flights were made at different times, between noon and

late aftexmoon, various general statements can be made on the vertical air

currents. Glider I (Figure 45) climed almost uninterruptedly from the

girport at 900 m altitude to an altitude of 3000 m, at first in an upwind i
over a slope and later, starting at an éltitude of 1500 m, in a cloud up= r
draft., The glider flew through the cum'h us cloud in a contdnuous climb.

The meximum climbing speed of 5 m/sec was reached between 2266 and 2700 m. %
Glider II also flew through a euéiglua which was not as large because %
of the late aftermoon. In the barogram (Figure 46) of glider II it is q
K i particularly interesting to find that the airplane encountered violent
vertical gusts at 1800 m. Within a few seconds the airplane dropped

140 m, only to climb 170 m immediately afterward. ‘Two other gust of less

violence followed. An examination of these gusts shows that they had a
downward speed of 9 p/sec and an upward speed of 10 m/sec. The barogram
(Figure 47) of glider IIIL also shows violent fluctuations in vertical
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speed between 1200 and 1500 m. The vertiocsl speed jumped within a Low
geconds from 4.1 m/sec to =0.8 n/sec, then again to+4.7 n/sec and then
to 41.8 n/eec,

The rollowingdgomral deductions can be made on the besis of these
oumulus flights:

1)) Very high skill and theough knowledge of blind=flying instruments
are required of the pilot 80 that he may recognize immediately the unnaturel
flight attitudes which his glider may assume.

2.) The glider must have good pegformanoe qualitiea} abak all it rust
have high stebility and be gpin=proof. Its solidity should be in keeping
with the stress imposed on the glider by gusis. It should be equipped with
diving brakes to keep down the speed in vertical dives to a reasonable limit.
These diving brakes have the additional advantage of stabilizipg the glid=
er about its longitudinal axis. =

3,) The glider should be equipped with adequate blind-tlying ine
struments. Besides the customary instruments, it should carry a turn-and=-
bank indicator and en artificiael horizoné

4.) Cloud flying should be 1infted to occasions where the top of the
comulus is no higher than 3000 ts 4000 m. Diring the sumgsr, the dangers
of ioing and hail are thus avoided. ~ )

5,) In the cloud updraft, the flow is remarkably calm.(DOn the other
hand, Violent turbulence is encountered at the trensition from updraft to
downdraft, especislly at the rim of the cloud.

6. Inversions. o

Inversions in the temperature zones. 9 ©

Inversions are frequent during the summer, nhen.éhé)sky 15 filled with
flattened isolated cumli. Dry-unstable equilibrium pravaila in the zone
near the ground because of strong insolation, while the atmosphere is humid-

unsteble at the altitude of flattened cumili. The slight vertical dimenslion
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of oumuli shows that there is a strong temperature inversion at higher alti-
tudes that oounteracts oloud updrafts. Figure 48 shows the corresponding
temperature diagram dry=-unstable squi.librium ( AT/ b Hﬁ 100)' 1.5°)
followed by indifferent equilibrium ( AT/AHQ:LGQ  19) up to 1900 m. Ab
1900 m the level of condensation and the base of the cumuli is reached, and
equilibrium is thus mnid-unstable ( Ar/a H@J.O()\l 0.459). This state ex-
tends only throughout a thin layer. At 2200 m the atmosphere is completely
stabilized by inversion of 2.3° in 350 m, In this example, the vertical
speed can be computed by means of the differences of the dry end humid adia-
‘batic states and the curve desoribing the state of the air. In the lower
unstable layer, vertical speed lncreases from 0.1 n/eec at ground level to
1.4 m/sec at 1500 m altitude. Between 1500 and 1900 m (indifferent equik-
Ubrium) it remains conetent at 1. m/sec, In the humid-unsteble layer,
between 1900 and 2200 m, the speed incroases rapidly from 1.4 to 4.7 m/sec.
Higher up, the air me:és excecds its equili‘orium)position end sinks from
2600 back to 2200 m at =2.6 m/sec.

Thie is & characteriatic picture of summer high-pressure conditions in
the temperate zone. Although diurnal temperatures are qui.ta highy the pos=
sibility of gliding is limited to altitudee between 2500 =nd 3000 m. How=
aver, between ground and {nversion layer, the upwind conditions for gliding
are excellent.

Inversions in tropical and subtropical regions.

In %ropical and subtropical zones, the situation decceribed ahpve per-
glsts throughout whole seasons. Over odeans’ and trade wind ardas located
between the 10th and 35th parallels and over the corresponding land masses,
the atmosphere is characterized by its gtationary charatier, distinguished
by permanent ‘.or at least seasonsl inveraion" at altitudes between 2000

and 3000 m.

- 40
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3 Despite the considereble heating of the lower layers, the rising eir
; nasses are blocked at mediun altitudes dY thig inversion, se that great

1
i

) . [ olouds cannot form. This explains the constant aridity of the deeorts which

enoircle the globe betveen the 20th and 30th parallele and the existence i
of dry seasons in tropical and subtropical zones. It is incorrect to assume 5
that the tropics and aubﬁropieu are exceptionally well suited for gliding @
merely because of high tomperatures preveiling in these regions.

14 is rather the degree of stabilkty of the atmosphere which miet be

® ? considered. Wnile the lower layers of these zones are Very unstable and ;

| very favorable for long=distance glider flights during the dry season, one
cannot hope to attain altitudes above 3000 m. However, during the reiny ;
R o ’ geason the instability extends t& high altitudes and thermal updrafts may
Vo ' go ae high as the limit of the troposphere.
® “ .Gliding expedition to Libya.
The expasition to the Libyan desert in the spring of 1939 £ully con=
firmed the above stetemente on the 1imitation of the altitudes atta;nable

due to the effect of the permanent inversion.

)
L S e

On April 2, a moasuring £light was carried out at Homs. I+ showed the
inversion to be et an altitude of 1500 m. The four gliders which took off

that day all reached celling altitudes between 1;00 and 1800 m (Figure 39)7”

.
;
e
i
;

Three measuring flights at Gerian on April;lz showed that the %pvgraion

layer was between 2200 and 2600 m. The giiders which took off that day all

,/‘ 3 reached the same ceiling altitude, The map of lgpg-distance flights (Figure

49) from Homs on the coafit or from Gerian in the interior ghows that remark-
gbly great distances could be covered in these flgghts, despite the com=

13]
paratively low flight altitudes and the routes necessitated by desert

conditions.
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7. Measuremeht of the field of vertical flow

The ability of gliders to move sbout in the atmoaphn:? permits us to

determine the field of vertical movements in a zone which extends up to

oumulus clouds, thus giving us an excellent over=-all view of the actual

structure of thermal movements. These measurements feasible only in gliders
are striking proof of the many possibilities in the utilization of gliders

for aerclogical research.

i It will be even more interesting to determine the same field inelde
| clouds, not only for gliding, but also for all fields of aerorautios.

For these measurements a quadruple optical recorder waes used, which

records dynamic pressure, air pressure and vertical acceleration. Figure

50 shows a section of one of these recordings. The altitude curve was

i

4 ! % derived from the air preseure ourve; and the curve cf true air speed of the
2 1 "Kranich! glide?, which was used in the teots, was taken from the ourve of
dynamic pressure, Since turbulence causes slight fluctuations in dynamic
pressure, mean values are used, The speed and duration of £light furnished
tle relative distance covered. The sinking speed of the glider was obtained
from its "speed polar" (Figure 51). This with the vertical speed of the |

glider shown on the recording gave the vertical component of the speed of

g
Y

the atmosphere. The acceleration meter consisted of a inertia block in

double-T shape connected to two pens. It had a measuring range of 1 to

N e

4 g's. Figure 52 shows a sketch of a measuring flight.

The following figures give the results of megsurement:

a) Figure 53 shows a simple regular vertical movement. On the day
/. of the recording, an east wind prevailed of a velocity of 2 m/sec on the
ground and 5 m/sec at higher altitude. Temperature gradient was 0.9°C; '
that is, nearly indifferent equilibrium. Vertical m;vements were blocked

*®

ab 2860 B by un inversion. The base of the cumulus was between 2000 and

2260 m, The updraft field extended from 900 m to 2100 m; no measurements

-2 -
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wers performed bglow an altitude of 900 m. The thermal "ohimney", to use
a particularly appropriate expression, became wider, growing from 1 km

diameter at an altitude of 900 m to 2 km at 2000:m. 4The inner core of

the upwind field, with a vertical velooity of 2 to 3 n/sec, was narrow

up to approximately 1300 m (300 m diameter) and then widened to a diameter
of 1500 m. '

The sscending velooities were remarkably reguler throughout the field,
ranging from 0,5 to 1 m/aao at the outer edge to 2 to 2.5 m/sec in the in=-
ner core. This is due to the indifferent equilibrium of these air layers,
which does not impart any ceceleration to the rising air masses. Since
only small distances Were covered in the downw.{nd field, ite exact extent
could not be measured; but in all cases the cownward velocities were less
than the upward velocities. However, in two isolated cores downdrafts of
a velocity of 2 to 2.5 m/sec were found. Above 1600 m, at the limit of
the measured region, new upwind fieldé‘géauflxad. This cell=like arrangement
of vertical movements should correspond toai'egular exchange pattgrn of the
air in a vertical sense, a hypothesis which is used, among other things, to
explain cloud lanes. Likewise, the vertical distribution of temperatures,
which represents a discontinuous surface cauced by an inversion, also fits
these indicationa,

b) Figure 54 represents results of measurements of quite another '
situation: The wind on the ground was a W to NW wind of a velocity bek~
tween 2 and 4 m/sec. The temperature gradient was 0.87°; that is, humid-
ungtable. Thus, heavy billowing cumulus clouds developed. The ocumulgp
underneath which meaa\:rements were performed had a diameter of 6 km at the
bagse and the updraft field was 4.5 km; nevertheless, it narrowed down to-
ward lower altitudes and was interrupted at 1400 m. That meant that the
updraft field, as well as the cumulus cloud, had already passed the stage
of their meximum development and were disintegrating. Despite this fact,
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the updrafts in the core were still quite stromg in the center and

within a 700 m diaveter; the air had an upward velocity of 4 to 6 m/sec.
! This updraft field had several specisl features:

®

1) The horizontal gradients of upward veloocities were greater on

the windward side of the cumulus (East) than on the lecward side. At the
windward side the upward velooities increased from 0 to 4 m/ses over an

aversge distarce of 700 m; and at 1900 m this gredient reached 7 m/sec

! over a 500 m distance. On the other hand, on the leeward side the vert-
ical voloeity‘deoranaod over a distance of 4 km from =4 m/sec to O,

From this can be concluded that pilots should expeot to £ind the strongest

updrafts underneath the windward half of clouds. At the transition from
. windward to leeward side, vioclent gusts are found, which are due to the
EO . higher horizontal gradient of the vertical velocity.
| | 2) Measurements showed that within a cloué:?:en below it downdrafts
were found on the windward side. As previcusly atateé, thece downdrafts
were much more feeble than updrafts.
Although the field just desoribed was aslready cutioff:at the bottom

and disintegrating, there was a large updraft zone on the windwerd side.

T PR
t

During the measuring flight, it was found to reach an altitude of "1500 to
1600 m, It formed a regular chimney extending for 1 to l.5 kin, with constant
upwinds of 2 to 3 m/sec and a core with +5 m/sec at 1400 m altitude. Once i

the updraft reached the condensation level, it gave rise to the formation

of a large cumulus right next to the ‘one which was disintegreting,

o) Figure 55 is the third example of verticel movement of thermal
fields of 23 July 1937 and répreaents the results of measurements of much
more irregular conditions than the two pwevious figures. It shows updrafts |
e ’ and downdrafts of very irregular distribution and ehoppy character. The
: ®

Lo - ; ‘f downdraft zone contained many cores in which the downward veloci.ty was as
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, high as the maximum upward velooity. At an altitude of 1750 m, there wae
| a emall core with a velooity of =3 n/sec, right next to 1 m/seo updrafts.

At an altitude of 950 m, downdrafts of 2 to 3 m/eeo were pight next to

updrafts updrafts of 3 to 6 n/sec, The same abrupt transitions were found
between 500 and 900 m to the right of the measured z0ns.

These measurements are an example of thermal emissions pulsating in
rapid succession above & fixed releasing point (fovest edge)s The emlissions
coourred every 12 to 15 mimtes, The updreft ocore of 2.5 m/eec at 1800m,
which was in the process of disintegration, was followed by a nevw emission
between 500 and 1300 m which olimbdd rqpidly at a speed of 3 m/seo and
reached speeds of 4 to 6 m/eec in ite core betwecen 700 and 1000 m. A
A T third emission was rising on the left, at 2 to 3 m/sec, which had‘ reached

) an altitude of 900 m at the instent of measurement, These moving air
l\ masses were replaced by downdrafts, which returned with more or less the
same speBd!to the layers close %o the ground, This was & strong them:l.
. mixture with éreat activity of the thermal boundary layer on the ground.

|
|
‘.
E fihile the general temperature gradient of the day was not very greet and

the atmosphere wag in an {ndifferent state of equilibrium (0.98°C per 100 m,

the strong insclation created intense overheating of the thermal boundary
layer, resulting in the periodic emlseion of "air bubbles". °

The interplay of updrafte and downdrafts, shown in Figure 23 for this
boundary'layer, was repeated here in the same manner, but on a much larger
e goale.
g, Cloud lanes:

Quite often one can obaerve rows of cumuli in the sky, lined up in the

direction of the wind and sometimes forming along regular ribbons. This

cloud arrangement hes been given the abpropriatedterm gloud lanes" by

glider pilots.

.45 =
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These lanes are partioularly well formed over flstlands or sea and

suggest the hypothesis of some well-ordered oconvection procees resembling
eertaimphenomm of unsteble liquids wwewn. The convection of flow
of a thin unstable liquid layer has often been studied experimentally in

physics.
| , Analogy from Physics.

| As eerly as 1901 Henri Benard expoged the analogy between the cellular
| structure of unstable liquids and the organization of rows of clouds.
Tdrac eshowed that air flow between two plates, with the lower heated, takes

on the aspect of vortices whose axes are parallel to the flow.

‘f Figure 56 shows the structure of an immobile and unstedble liquid. The
! ‘ cellular polygonic honeycomb=11ke arrangement oan be distinguished. The
\ : 1iquid rises in the center of the cells and descends along the edges. Under
the influence of a horisontdl flow added to it, the cellular vortices are

transformed intc rows lined up parallel to the direction of flow. Figure
57 shows the regularity of this arrangement. Figures 58a and 58b taken
from a treatise by Dr. Avsec also ehowaon—like arrangement of the vortices.

The pattern of cloud lanes.

i
I

. . If we want to transfer this phenomenon to the atmosphere, we must assume
the existence of an unstable layer of air between two steble layers. In

calm air, cellular clouds, 1soleted clouds in a row, regulerly spaced cloud

S R

fields, altocymll or stratocumli may form in this layer. Under the in=
£luence of wind, the same atmospheric conditione will give rise to the form=
ation of cloud lares; a discontinuity existe in the wind elocity between the

unstable and the upper steble layer whereby frietion between the two layers

4s increased, but there is little varistion in wind direction.
These statements have been confirmed by serological measurements.

‘ Dr. Sobhagmal in "Beitr¥ge", Vol. 17, 1931, has given the temperature grad=

- b=
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lents and wind discontinuties:

Below cellular clouds 0.54%C per 100 m
Interior 1,40° per 100 m
Above 0.59°C per 100 m

He noted wind variations from 7 to 12 m/eec at the transition between
unstable layer and stable layer.

Figure 58 shows the horigzontal flow lines. Along the line of con-
vergence is found an updraft, while a downdraft lies along the line of dive
ergence. Figura 58b shows a vertical section of the fidld,wwhioch represents
counter-rotating vortices. Figures 580 shows the helical air flow and the
formation of cumuli,

Different types of cloud lanes,

a) In the tropical seas and trade wind z0ne, cloud lanes are parte
icularly striking, since optimum conditions exist theres +the regulnri&y of
the trade wind, the stationary temperature conditions of the tropical late
itudes with an inversion at a proper altitude, and the homogencus surface of
the ocean., Figure 59 shows one of those cloud lanes which the author found
at 59 S latitude in the Atlantic. It extended clear across the sky and com=
pletely cut it in two.

b) Frequently, isolated mountain massifs give rise to the fermation of
8 oloud lane when they penetrate a dimcontinuity surface forming the upper
limit of an unstable layer. Kampe de Feriet studied one of these marginal
vortices on Mt. Cervin and drew from it Figures 60a and éob. In this humid-
unstable zone, the row of vortices is made visibie by a long lane of elouds
originating on a rocky pinnacle, Figure 61 shows a clearly distinguishable
cloud lane with the origin of the cloud formations visible in the pleture,
This photograph was taken during an East wind, which is frequent in spring
and fall. The atmosphertc conditions here are exactly those of the thermal

structure analyzed above, ¢
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In(%ur latitudes, t0o, oloud lanes can be observed in hot humid sub=

troploal air, ihose altitude is limited by air masses in the proooaqaot
disintegration.
i We shall return to the subject of cloud lanes in ccnnection with the
disouseion of atmos: herioc waves.

The use of oloud lanes for gliding:

Agein it was gliding which attracted attention to this formation of ©

longitudinal vortices. These cloud lanes are of great 1ﬁ%ereat to the glider ©
pilot, since they provide a continuous updraft field in the direction of the
" . . wind and,tﬁua afford ideal conditions for long-distance flights.
Ordinarily, the éistribution of thermo-convective updraft zones is
arbitrary. In long-distance flights, @he pilbt must look everywhere for
A clouds which will permit him to gain sufficlent altitude by spiraling to o

continue his £light, and these spirals will reduce the relative speed of
his flight. The barogram of such a flight consists of en irregular series
' of ascents and descents, while the barogram of a flight underneath a cloud

lane looks altogethar different. Underneath cloud lanes, there ig no need

for flying spirals, for flight proceeds in a continuou# updreft zone at
o
¢ nearly constant altitude. Therefore the effective speed of such a flight,

P

performed without spiraling and with tailwind, may be as high as 70 to
80 km/hr (Figure 62).

Gsratiind S
P

In order to break present distance records, high average speed is re-
quired, In mid-summer it is poasible to perform thermal flights of 8 hours
P s durétion. In normal weather and at an average speed of 30 to 40 km/hr,
| 250 to 300 km can thus be covered, whil; an average speed of 60 tg 70 ¥m/hr
is required for flying a distance of 500 km or more. Such speeds are easily

. (o]
. ® attainsble in flight under cloud lanes.
o]
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9, Flight in weather frontes:
The first flights covering more than 200 km distance were flights in

veather fronts, It is an obvicus thought to use the updraft formed by
rising warm air ahead of a oold front and thus to "ride along" with the
front. Since cold fronts travel at speeds of 40 to 60 kn/hr, considerably

G

long flights can be ocarried cut by thie method.

Desoription of a front:
Figure 63 gives a schematic representation of a front. The passage of
a cold front is accompanied by a sudden wind shift. A characteristic

E oumulus front, which frequently starts with a line squall and ends with a
holyyauhower, causes the warm air to rise quickly. The wind suddenly be-

e e f comes stronger and shifte its direction gbruptly, at the same time the tem- !

(@)

: i | perature drops considerebly and the air pressure rises gradually., Ahead

.% of the fronmt, the vortex motion of the air is characterized by a roll of
i} clouds.

Utilization of a front for gliding:

Flying in thé'zonq Just disoussed would bé risky. On the other hand,
shead of the front and outside of this cloud zone is a completely calm up=
wind field. The first flight of this kind took place in July 1929 (Figure Q"

64).., It was most informative. The airplane took off two minutes beforse

L

the arrival of the ifvont. “The af%plane "hitched itself" to the upwind zone
! gf the front after 26 minutes of flight and then climbed steadily from 1300

b}

to 2900 m. The greatest olimbing speed, 4 m/sec, was achieved between 1400
7 o © .nd 1800 m. The baPogram shows that omce the ceiling was reached the flight

contimied at nearly constant altitude, between 2100 and 2400 m, for nearly
o
two hours. This leads to the assumption that an extremely large and regular

upwind field must existo According to the plilot's statements, he flew 5

“ 49 =
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to 10 km ahead of the front and underneath the alto-cumuli separated from
the fromt by a strip of blue sky. Figure 65 shows the barograms of two
front flights osrried out later (July 1931).

These examples of front f1ights indicate that the updraft fields ahead
of cold fronts all have the same structure and oan be considered as quasi-
stationary. Below we will discuss further the conclusions which can be
drawn from this.

At this point let us simply state that front flights are not dangerous
as long ae they are carried out in a oloud=free zone ahead of the front and
as long as the pilot does not let the eirplane be carried away from the front
and, above all, doe‘grftlet it be drawn into the cloud zone.

In carrying out a front flight, the glider ghould preferably be towed
by a powered airplene to a point ahead of the front rather than start from
the ground, since the instant of the wind shift, when the upward gusts set
in, is always diffioult to catch,

10, Thunderstorm flights.

In the examples disoussed up %0 now, ascending masses aﬁ.r were held
back by elevated stable layers, so that updrafts could hardly go above 4000 m.
These updrafts can be used without danger by a glider equipped with the
usual blind-fiying inatruments. "

Now, ho'ever, ve shall take up the case where the unethble equilibrium

of the atmosphere allows the air masses %o rige through the entir@ tropod-

- §phere. This oceura in the formation of large, oumulo-nimbus clouds, which

bring about violent local heat thunderstormss

For our findings on updraft conditions, and on the dangera of tur-
bulences, ieing, hail, and ecold oceurring in thunderatorm clouds, we are dn-
debted to glider pilots who have risked flying through these clouds to
reach the 1limit of the troposphere .

"
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! A pilot's repert on a thunderstorn £11ghts
8 "The oloud reached an altitude of 5500 m. Te intended to fly through

i‘; the border zone of the oloud and entered it at & speed of sbout 130 ¥m/he
? The airplane was drun into the ‘cloud's interior by the tur! pulence. This
' turbulonco soon atopped; while it d@id not actually get dark, the oloud
thickened to such a degree that it was hardly possible to distinguish the
wing tipes Besides, fine ice oryetals caused sharp paine in the face,

. meking it difficult to look out of the eockpit. At 3100 m the goggles and
v f instruments and finally the entire airplane became covered with icej an
opeque 6=mm plece of ice was removed from the control stick. Soon after,
! ; around 3000 m, hail begen to fall, with the largest hailstones reaching
o | the size of cherries. At 2400 m the hail stopped and turned to rain. We
emerged from the cloud at 1300 me" - R
All through the descent, the engine was throttled; nevertheless %he alr- 7

plane meintained constunt altitude for 20 Bec at 3000 m, and at 2400 m it

climbed more than 100 m within 40 jgec. The sinking speed of the airplane |

O

sas around 9 m/esec, so thab the updrafts reached & velooity of 8 m/sec st
' 2 . O o)

3000 m and 12 m/sec at 2400 m.

P

Inves‘oigatioh’ of the speclal features of thunderstorm flights,

The observations ‘made intgliders flying through thunderstorms are aven
‘ more striking., Figure 66 represents the teﬁperature-a.ltitude diagram of

) ;‘ an actual flights’ The mmid-unsteble difference, i.e, the differenoe in
.
\

temperature between the humid adiabatlo and the vertically still air, is

very great. From 2200 m to the tip of the eloud, the %emperature difference

increases Just as tha upward velocity in the cloud continues to increase.
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The upward velocities have approximately the following distribution:
Undernoath the base of the cloud it is 1 to 3 m/sec, Sterting ab the level
of ocondensation the velocity increases rapidly, rising to 5 to 6 n/sec
within about 100 ms This velooity continues to inorease with' increasing
altitude, Barograms indicate average velooities which may exceed 20 n/sec,
An analysis of a set of barograms ylelded average speads of 10.13, 17, 20,

and 27 n/sec in various layers at altitudes of several 1000 m. Velooitles
of 20 m/sec and above are generally restricted to altitudes extending from
3000 to 5000 m.

Barograms like the one in Figure ¢7 indicate a continuous olimb
throughout several 1000'm and reveal the existence of a completely non=-
turbulent and regular ascending flow., Most £1ight reports speak of e

fregular climb in an updraft of astonishing calmness"; or they state: "No

turbulence during oclimbing". In the lower portion of the oloud the updraft

fisld is wide, but narrows at altitudes of great vertical velocitles, so

[

o that it is aometiﬁéa necessary to fly in very tight spirals.
In some barograms it can be seen that the elinb has been interrupted ?
very auddonly by a downdraft of 4 to 6 m/sec velocity. At the tranaition

|
|
|
;
i
i
|

from updraft zone to downdraft zone is a narrow turbulent area “of unimagine-
gble violence, so that pilots have great diffioculties and several gliders
v have crashed because of it. '
However, the main‘dangera are hail, ocold, and ieing. The iecing is due
| mostly to the ccoling below 0° of water droplets carried up to high altit-
’ i udes. Its most dangerous effect is the blooking of controls and diving
brakes and the icing up of the Pitot tube.
: Hail is encountered between 2600 and 7000 m. In'several cases, it has
| had a disastrous effect. The wing fé%ric, fuselage skin, and cowling have

o
been completely riddled. ' ©
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Obviocusly, propor equipment is required for the cold prevailing at
high altitudes., However, the pilot usually does not foresee the altitude
which he will resch and therefore fails to equip himeelf properly. It is
most unpleasant, in an airplane not hermetically sealed, to ‘.\.nd oneself
in a thunderhead at 7000 m altitude and a temperature of -25°,(l "‘hilc it is
+ 309 on the ground = and this is quite likely to happen. Mbmoro,
the pilot might be forced to bail out at this altitude, becomes oxposed
to the open air and risksfreezing to death. In one cass, a pilot who had
parachuted from his airplene was exposed to these low temperatures for a
long time, because the updraft was so powerful that his parachute carried
him ppward.

Glider flight in a thunderstorm:

: On 12 July 1947, the Swedish pilot Axel Perason succeeded in achieving
a olimb of 8200 m in a thunderhead (Figure 67). The instability was very
great, and the cumulus extended through the entire troposphere. The theo-
retically dtermined upward veloclity exoeedgd 20 m/sec, and the glider ale
though loaded down with ice climbed at a r;te of 15 m/sec. The icing was
not very heavy, since the da.nge; zone, baetween 0° and -10°C and from 2500
to 3900 m, was traversed within two or three minutes. The pilot also
stated that the intensity oi" the icing of his airplane wae reduced by the
application of glycol %o its skin., His report does not mention any other
difficulties such as gusts or haii, so that one is led to ﬁeiieve that the
pllot remained in the zone ahead of the front, which is much less dangerous
than the center or the rear portions.

Nevertheless, there is no point in ecoming out in fovor of such thunder=
storm £lights, because they are fraught with grave dangers despite this re-
assuring report. When imagining the situation of a glider, with its sur-

face iced up, the blind-flying instruments frozen, essential components
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geriously damaged by hail, and, while in thie state, also subjected to the
most violent guets, one feels constrained to give serious warniné to all
glider pilots who do not have special airplanes and equipment for such
flights.

Strugture of a thunderstorm ourulusi

Now that we know some of the features of flight through thunderstorms,
we can examine the structure and the development of thunderatorm cumuli,

a) The life of the clouds

During the first stage of the development, updrafts predominate in the
interior of the cloud. From the poinﬁ of view of vertical flow, temperature
diatribution)und the phases of the cloud, there is symmetry. At that mo-
ment there ia no rain as yet, since the updraft carries the condensed water
droplets along with it,

When the isotherm of 0° is passed, the water drops do not change their
state, but continue to exist in the supercooled state. Ioing ocours in this
zone. Then the fully developed cumulus passes the =12§° isotherme, and
at this altitude its etructyre ochanges and the development characteristic
of thunderstormg sets in. The liquid droplet; freeze at =12° and form ery-
stals in the upper portion of the cumuiuvs. The exact tompersture of free-
zing is not known, but the appéarance of ice in clouds below a temperature
of -126 has been established. The vapor is highly supersaturated with
respect to the solid state and the ice crystals quickly grow in size, while
the updraft-becomes weaker. Thus the tendenoy toward preécipitation in-
oreases, the closer the altitude of thermal equilibrium is approached.
Finally, the velocity of fall of the orystals becomes greater thgn the up-
ward component of the wind and the orystals therefore vegin to fall. They
1iquefy in the lower layers and reabhtthe ground in the form of large rain=-

drops.
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When rain sterts, the discharge proper of the thunderstorm has begun.
The initial symmetry disappears and a front and train are formed. The ory=
stals and water drops falling from higher eltitudes are ©@older than the
surrounding eir and cool it. The temperature distribution becomes asymmetric,
with s worm front and a cold rear portion, ae is shown by the 0 and «12°
igotherms in Figure 68, The air which is cooled in the zone of precipitation
will thus also descend, on the one hand because its donuitf has inoreased
and on the other hand because it is carried along by the precipitation.

A strong downdraft zone is formed next to the updraft zome, and the air flon
of the oumulus is transformed into a great whirl which is maintained by the
difference in temperature of points on the same lavel; namely points ahead

[ - of the front in the warm rising air and the other points behind the front

{ in the cool descending air. These two air masses of different temperature
form a cold pseudo-front on the ground. Its 1imit is the curtain of rain
marked in the air by the squall oloud and the roll of olouds underneath

the base of the cumulus, preduced by the lowering of the level of conden=
sation in the cold air.

b) Allied phenomena: We can now also explain other physical pheno=
mena which take place during the principal phase of a thunderstorm.

'1) The turbulent zone: The strongest guste will be found at the border
between updraft and downdraft, approximately in the center of the cloud
(Figure 68)., As the life of the cloud progresses, this region of gusts
moves forward and makes the updraft zone narrower.

2) Heil: Hail is aﬁother dangerous phenomenon of the thunderstorm.

The orystals in contact with superccoled water are covered by a layer of ice.

After muliiple collisions these crystals turn to hallstones. Hail apparent-

ly forms when a erystalline nucleus traverses the supercooled zone of the

cumulus several times, i.e. it must travel several times through the zone of
updrafts and downdrafts. This is quite possible 1f the hail zone is located
in the center of the cloud, astride the boundary layer discussed above, and

above the cold pseudo=-front.
roTnassy
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3) Elentrical charges. The electrical charge is a unique character=
istic of thunderstorms. The problem of eleotricity in thunderstorms hae
not yet been completoly solved. There are two prinocipal theoriess Wilscn's
theory, which is based on the cnpt&re of ions by the elements of the oloud;
and Simpson's theory according to whioh the electrical charge of the thunder=
storm is due to the bursting of the water drops, which allows the charges
to separate according to the Lenard effect.

Acording to the first thecry, positive icne are captured by the rising
drops which are thus charged pooitively; and falling drops capture negative
ions, thus imparting a negative charge to the lower portion of the ocloud.

However, according to Simpson it 1s the Lenard effect which predominates.
The water drops become positively charged after displacement, while the
surrounding air is negatively obarged and the initial drops are neutral.

The drops are stable as long as their radius does not exceed 0,225 mm.,

Above that dimension they deform and break up. Large drops of rain are fond
in the downdreft zone below the 0° isotherm. They split and transmit their
positive charges to the ground while the negative charges accumulate in the
oloud below the 0° isotherm. There are also large drops in the updraft zome;
they also disintegrate, the positive droplets remaining in the updraft,

with the negative charges accumulating in the upper portions of the cloud
(Figure 68).

Conoluding remarks on thunderstorm flightes

The above discussion may furnish pilote with some instructions, but
1t should not under any clrcumstances be considered an invitation to thunder=
storm flying. These instruciions are meant only as safety rules in case of
an unexpected encounter with a thunderhead. Furthermore, the theories which
have just been discussed are not yet certain by any means, and the deductions

made should be accepted only cautiously.
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On the outside of the oloud, the rain front is an indicator of the
non=symmetry of the cumuluse. The front is the least dangetous zone of
the thunderstorm; it contains a regular updraft and there is little chance
of running into violent guets or hail, It is probable that Persson achieved
his altitude record in this zone. The friction layer between the updraft
and the downdraft zomes, located approximately ab the center of the cloud
during the principal phase of the thunderstorm, 1s the moet dangerous

zone, because of very violent guste and hail there.

- END OF CHAPTER 3 -
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¢ GHAPTER 4

i WAVE FLIGHT

A, Historical.

ST . 5

The firet wave flight was carried out in the Giant Mountains of Silesia
in 1933, What was startling then was the fact that the flight took place
on the lee side of the mountain during a foehn wind; but acoording to the
then-known dynamicas of foehn winds, this warm dry wind could produce only
downdrafts on the leeward slope, sc that it was difficult to explain the

existence of updrafts on that side that allowed gliders to reach high
% altitudes.
i : Since 1933 a great number of flights in foehn wind have been carried
‘ out and over all kinds of mountains, som flighte reaching altitudes of 8000 m,

%
|
|

and even 11400 m over the ‘lps. These results allow us to form a judgment

of this new possibility of flight, and they indicate such a remarksble widen=-

ing of the field of glider flight that we can speak of an entirely new dev-

v eloprent. !

: The first phase of glider flight began with the solution of the prob=-

lem of soaring over slopes in 1922, when a distance of 100 km and an altitude

of 375 m sbove the starting point was reached. ;
The second phase began in 1928 with thermal flight. The best perform=- i

ances registered by this method of flight are a distance of 750 km and a

B

gein of altitde of 8200 m. Clider flight proved itself to be no longer | .
1imited to mountains, but ventured out into the plains-and took its per- ©
manent place in the field of aeronsutics.

At the present time we cannot yet predict the possibilities of the |
b ! third method, namely wave flight, but the research carried out and the re-

sults obtained prpve.that wave flight conmstitutes an importanttturning point

and that the stratosphere has most likely been opened to gliders.
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B. Free atmospheric waves = Gravitaticn waves. o

In order to understand the principle of wave flight, we must first
disouss free waves.

1, Analogy from Hydraulicus

Since liquid waves are well known, we shall use the analogy from hydr=-

aulics., These waves originate at the surfacs of the water (namely, at the
surface of separetion of two different media, water and air). The molecules
of the two media are driven from thelr position of equilibrium by an external
influence (in our case by the wind) and stert oscillations around their
position of equilibrium under the influence of gravity. These oscillations

are transmitted to neighboring particles and cause a wave motion which pro=
pagates on the free surface. The speed of propagation of these gravitational
waves depends on wavelength, density of the two media, and depth.
! Ae mentioned previously, there exist in the atmosphere inversion layers
11 which viclate the normal principle of decreasing temperature with increasing
| altitude, for in that reglon air tomperatures increase instead. These in«

o
versions gn"limiting surfaces within the unlimited atmosphere; thus there

©

i ig a density discontinuity across the section, &0 that)juat as on the surface
of the water/wavea can form due to the grpvitatioqal field under the in=-
= ’ fluence of wind., These waves are moblle and are perpendicular to the dir=

ectlon of the reletive wind of the two flows. The wevelength depends on the

.
H
3
H
t

g
i

discontinuity of both density and temperature and on the velocity within
° 5 the inversion. Long waves are crested by a great diacontinuify of velocity,
and short waves by a great discontimuity of density or temperature. Long
‘ waves propaga@e faster than shobt waves.
FigurFigure 6§ shows a representation of the flow lines of a wave. On the
front side of the wave in the dlrection of its propagation, the motion is

an ascending ones e
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- » 2, Cloud formations.

) These waves can be made "visable" through the formatien of go=called
yave olouds". If the atmosphere below the inversion is almost saturated
with wa%or vapor, then the rising part of the wave will 1ift sufficiently

" 4o initiate condensation, while the‘wave will disintegrete in the deseending

part of the wave, Thus regularly spaced ocloud banks are formed which make
these atmospheric waves vieible.

3, Experimental Study of Waves
8]

a) Measurements by airplane 5

@

o Let@u; assume a powered airplane flying direoctly in a boundary layer.

In ordér to meintain the airplane at the same altitude, the climb of the air-
plane in the wave is compensated for by throttling of the engine, while |
{ the dynamic pressure remains the same and the intake is even incressed. If ;

B) ; the movement of the throttle handle is recorded, a qualitative measure of

’ the movements of the alr is obtained. Figure 70 is the diagram of a flight
O
o oarried out on 17 July 1936 in an inversion layer, which shows: a) humidity, -

b) temperature, c) speed (dynamic preg;ure), a) outside pressure, e) vertical

o i e e S

i , ve(io%itiea (indirectly). The temperature variations in this rééq::ding give _

@]

a partiocularly good pleture of the wave motion.
. 8]
- “b) Use of beienced balloons

Likewise, the use of statically bala%ced balloons allows one %o deter=

O

mine the pa@a of waves at the inversion level.. Two examples are shown in E
Figures 71 and 72. The bslloona were released in the inversion layer from :
gn airplane., The paths show waves 2200um long on 2 April 1930, and 1000 m
o long on 3 April 1930. o

The mean vertical velocities are low, ranging from 0.6 to 0.8 m/se0.

¢) Glider flights o)
Figure 3 shows the barogram of a long-distance glider flight of 165 km

performed in 1931. The flight was carried out on a cloudless day, thus under

- 60 = '
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a slight inversion at an altitude of 1800 m, Above this inversion, the air

% oritical thermal copditicns. The air was dry=-unstable up to the level of

wﬁn hnmid-unetable.

The barogram shows the course of the flight starting at its 68th min-
i ute. The ourve H(t) showe a very regular succeseion of rising and falling
air movements. These osoillations, from 800 to 1200 m, show a wave motion "
with regularly alternating rieing and falling air, allowing the pilot to
fly in a continuous streipht line without havinglt elther\look fur other

updraft fields or fly in spirals. This characteristic indisputably proves
that this flight was carried out chiefly under the influence of a wave motion
loceted on a surface of discontimuity at an altitude of 1800 m, {

4. The possible applications of free waves.

b

This example shows that these waves do have a certain importance in

k glider flight, but that one should not pin very high hopes on the applications g
! of these waves. As a matter of fact, while there are no relative measure=-
ments of the damping of these weves with vertical distance, the vertical motion
of thoee waves is probably not very: etrong.

‘ At any rate, the above axamplee do show that the free waves propagiting e
from the inverg}on layer are worthy of some conaideration, although they
can be utilized only occasiocnally in the course of a flight when the form-
ation of wave clouds indicates these waves and fixes their position. ?,
i 1% should also be mentioned that cloud lanes can sometimes ocour to- ;
gether with free atmospheric waves.
LI If wind directions sbove and below are fairly similar,(Figure 74),-
the crests of the waves will be more or less parallel to the 'Lower flow and
ccndensation at these crests will produce cloud lanes.

[~ C., Stationary waves.

1. Differences between free and statlonary waves.

The oseillatory motions which have led to the great accomplishements
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of wave flight are altogerher different from the gravitational waves die-
cussed in Section IV, 1.

The upwind of waves known in gliding, which extend:?tfhnight of sev=
eral km and is accompaniedeby the osoillation of large atmospheric layers,
is such that the vertical motion is not damped as in the case of gravi-
tational waves.

Furthermore, in contrast to free waves which propagate at the surface

of discontinuity, stationery waves can attain considerable amplitudes.

Such oscillations are initiated by the "basic yaveg" started by disturbances

in flow partioculerly by those of orographic nature. If in this case flow
velocity equals the veloclity of wave propagetion, then the wave will be
stationary with respect to the terrain obstacle which caused it to develecy.
The amplitudes of these stationary waves may continue 4o increase as long
a8 the oscillation generated by the obstacle contimues to receive new im=-
pulses., The velocity of propagation of thevwave itself depends on wave=
length and on the depth and density of the oscillating layer.

2. Analogy from hydraulles

The phenomenon and theory of these generated statlonary waves were
first studled in the case of water flow. If witer flows over an uneveness
in the bed, the surface configuréfion of the liquid will d;ffer according
to whether flow velocity is grenter or less than the propagation velocity
of the basic wave created by the obstacle. The forms of water surfaces of
geparation are shown in Figure 75. .

Figlre 75e shows & "gtream flow": The flow velocity is less than the
velocity of the basic wave. In this case the surface of separation is
lowered over the top of thé’ obstacle.

Figure 75b on the other hand shows a great rise in water level, the
height of the rise being greater than that of the obstacle itself, with the
flow faster than the velocity of the basic wave. This is a "torrential
flow",
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Figure 750 shows a "stream flow" upstream from the obstacle and a

"torrential flow' after the drop in the water level.

\
e S T SRR - T e =

Figure 76 again demonstrates that the vertical accelorations connected
with the veriations in ground level cause stationary waves downstream from )
the obstaole.

The above statements apply to the free upper surface of a fluid.

’Taking up now the case of the atmosphere ocut by surfaces of internal dis-
continuity (inversion layers) we oan study the waves produced between
two fluid media having the same velooity of flow but different densities.

. A. Defant has carried out experimental studies on this subject (ef. Defants :
"ReTlexions thébratiquea et recherches experipentales sur la formation
des cyclones et antloyclones en altitude") and determined the following ¥

i A results: If an object is placed in a canal filled with two fluids of dif-
ferent densities and flowing with a certain velocity, the surface of separ-

. ation between the two fluids will react to each movement of the cbstacle .

with the formation of wave disturbances. .The wave‘disturbgnce reaches its

greatest amplitude at a certain speed (in one partieufz; 8 speed was
oupovinent 8 cm/sec, when the difference in densities was 0.015 at 15°C,

depth of the fluids 20 cm and 5 om, and the model 20 em long ané'S om high). -

The form of the flow in the canal corresponds exactly to that of a free

O
«

surface of a fluid which passes from stream flow_to to:rengzgal flow above

an obstacle. (Figure 75e). o

However, while in a homogenous fluid with & free surface the di.sturbance
effect requires high speeds, in the above experiment small flow velocities

sufficed to create noticeable deformations in the surface of separation.

B

O
This holds true when the densities of the two superposed fluids are very

gimilar and the fluids respond to weak impluses created by an obstacle.

These fixed wave disturbances of incompressible fluid media will also }

adour in a compresaible medium such as the atmosphers. It is possible to
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go from this limited cace of £luid flow to the case of the expansible at-

mosphere, by ooneidering the differences in densities and velocities accord-
ing to the principle of gimilarity as studied in dimensional analysis.

Otherwise, nothing in the principle of wave motion is chapged %y the com=
pressibility of the atmosphere.

i
i
¢
§
}
i

The above can be summarized as follows:
1. An air mass of suffioient dimensione flowing over an obstacle takes
on a wave motion above the leeward slope of the obstacle without having been

supplied any external energy.

2. The velooity of propagation of these waves depends on wavelength,
temperature distribution with altitude, and dimensions of the moving eir
L ‘ layers.
‘ | 3, When the wind veloolty approaches the velocity of propagation of

the waves, the amplitude becomes great; in this case, the waves become ‘stat~

jonary with respect.to the cbetacle and the wave motion caused by the ob-
| stacle is maintained constantly.

3 4. Depending on whether the wind velocity is greater or smaller than
the veloolty of propagation of the waves, the flow above the top of the ;
obstacle will by upward o; downward. T

3. Mathematical solution of theAproblem of stationary waves.

vt aith &

The problem of wave disturbances sbove terrectrial obstacles has recent-
ly been treated by Lyra on an entirely theoretical basis (Cf., Zeitschrift
) " fur angemandte Mathematik und Wechanik, March 1943). Starting with funde,=
/ o .mental thermo=- and hydrodynamic equations, Lyra caleulated the magnitude

of the disturbances of an initially homogenous flow. Assuming a stable at-
j mosphere, he established an equation for waves which allows one to represent .

the upwind field to great gltitudes. The upward velocities of such a wave

disturbance are shown in Figure 77a.
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Directly above the cbatacle, we find a slope upwind, waich at higher

~altitudes changes into a downwind in the sone where the flow lines dis~

integrate. The first of the leeward waves develops strongly, starting at
an altitude of 2 km, and its auplitude increases with altitude, The noond
wave is already strongly damped and is perceptible only at high altitude,
The third wave, howivar, is hardly noticeable at all. As Migure 77o shows,
a terrain obstacle which ends in an elevated plateau suffices for the gen=
eration of waves. In this case the updrafts of the first wave are parte
iocularly strong.

4, Experimental study of stationary waves.

The study of air flow in mountains began with the beginning of glider
flying during the period of slope soaring; after this periocd attention
turned to the wave motion of flow near obstacles.

The ﬁut‘ measurement by means of statically balanced balloons was
performed in 1924. It showed the existence of waves behind mountain ridges
(Figure 78). Actually, this measurement considered all by 1tself did not
allow any definite statement as to whether the flow was that of a wave or
turbulent fleld, bui". acoording to the present state of our knowledge it is
a leeward ate.tioonary wave,

a) The 'aimple regular form of coastal dunes over which gea winds
blow are particular}y sultable for the‘ carrying out of such measurements.

A series of measurements 1;u carried out in 1928, They cleardy showed the
existence of stationary waves to the leeward, as pictured im Figure 7%., b,
The ballons were released on June 6 1928, between 1615 and 1707 hrs. The
interval of time between the various measurements was long enough so that
the flight paths could be considered as quasi-stationary. The flight paths '
of the balloons followad closely the waves. After their downward flight
Just behind the dune, they show a wave of fairly great length. According
to the flight paths of balloons Nos. 42 and 43 (Figure 79a), the wavelength
18 approximately 3200 m for a wind of 10 to 1l n/sec.

- 65 =
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Balloons Nos. 55 and 56 were obeerved for a wind of 10 m/sec. The
wavelength varied between 3000 and 4000 m, Other measurements carried out

four weoks later over the same terrain for a wind of 12 m/sec showed great

resenblance to previocus ones (wavelength 4500 m). The crest of the principal

waves in all flight paths lies about 3000 m from the slops, These measures
thus show quite clearly the existence of stationary waves.

b) The flight paths shown in Figures 80a, b were recorded in the mount-
ains on the same day., The balloons were released from an airplane just be=
low and above an inversion between 1400 and 1500 m altitude. Thore was a
second inversion between 1800 and 2000 m altitude. Tha two flight paths
(Figures 80a and 80b) are completely in agreement and show a lifting wave

! ahead and above the cbatacle and a trough immediately behind it, and then
. a second crest further to gho Jeaward with a wavelength between 3.5 and 4.5 km.

6) Figure 81 shows a partioularly interesting picture, namely that of
very clear waves of small length‘(aco to 400 m) for a wind of only 2 to
3 m/sec. Other measurements carried out over the same terrain two days
earlier had shown analogous wave formations 360 to 1000 m long for a wind
of 3 to 5 m/sec. The measurements of Figures 29 and 30 are also interesting.
They show a characteristic wave form to the lee of the slope. The top of

the second wave is in a small cumulus cloud. The«wavelength is approximate-

ly 800 m for a wind velocity of 3 m/sec. The characteristics of these two
measurements, made at an interval of 30 minutes, are completely analogous.
The position of the upwind zones has not changed. A third measurement per=
formed four hours later showed an identical picture.
“Thus, stationary waves exist in a slight wizd even for thermal in=
: stability conditioms.
54 Foshn waves in the Giant Mountains.

The meteorclogist J. Kuttner has studied in great detail the waves over

Upper Silesia. His theoretical conglderations have been completed and

- b6 -
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confiremed by a number of "observations and flights by the author,

Figure 82 shows tho scheme of Foehn waves on the lesward side of the
Sudeten mountains, Furthermors, the observations made during- flights have

made it possible to reproduce a section of the flow, which shows clearly
the structure and spatiel position of the wave system (Figure €2). Above

|
!
!
H
i

the lower turbulent layer, which ie marked by fixed eddies, the regular
wave flow extends up to about 6000 m and oreates at high altitude the great
Foehn cloud, the well-known "Moazagotl", Figre 83 gives the position of
the upwind zones with respect to the obstacle., The first wave is located
about one wavelength from the mountain, i.e. 7 10 8 km, so that the third

wave is about 20 to 25 km distant from the mountain range.

! The Silesian wave reaches its highest altitude at 8600 m.

S

| } As the studies of Kuttner have shown, the various cloud forms are quite
typical. The high heavy Foehn cloud is so striking that it has its own name !
in the Silesian dialect, "Moazagotl", Figures 84 (16 Sept. 1937) and 85 ‘
show two typical examples of Foehn clouds with the convex lens form (lente
icule) clearly discernible. This peculiar form is the result of wave flow,
with one layer nearly saturated with vapor and lifted to the crest of the
wava; whare it 1s cooled to the condensation point. The upper limit of the
cloud ie determined by aiﬁltaneoue inversaion,

Figure 86 shows an excellent example of a roll of eddiﬁs , the lower
portion of a wave flow, which formed during & northwest wind over the Swiss
mountains batween Neuchatel, Soleure and Olten. If the wave flow has come
tha% close to the ground, it‘ certainly possible to fly in it after a start
by winch.

c
Kuttner's findings can be summarized as follows:

a) When flying with tail wind and perpendicularly o the wave system,

€ the glider passes gently and continuously from ascent to descent and vice "

versa, without the slightest turbulence or sudden transition.

.67 -
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b) When flying with headwind, the airplane whose air speed is nearly
the same as that of the wind keeps olimbing in the forward part of the
wave without changing its poeition with respect to the ground. When flying
parallel to the wave, the wave operates like a huge oloud lane with a con-
l stant updraft field.
o) In order to descend, the pilet has only to £ind the rear of a wave
and 1s immediately ocarried to earth in a smooth flow.
Figure 87 shows the barocgram of a vave flight over the Giant Mountains
and shows very well this steady and regular olimb in a constand upwind
_fields -
General statements on waves of terrain rises

It is natural that until now most attention has been given to the Foeln

b %

waves in the mountains, because these waves permit the excoution of specta-
! cular flights, so that nobody has bothered muéh sbout the waves of terrain
| rises caused by medium=sized obstacles.
These waves correspond to the damming effect above nnoobataole in a
| ngtream flow" with a flow veloolity greater than the veloocity of prgpagation
of the wave, They produce a great deviation in flow immediately above ygg
obstacle (Figure 75b), of an altitude many times that of the obstacle itself.
Such waves have already beeghfcund overﬁminor obstacles, rising 100

to 200 m with fairly steep slopes, in wind v;10citiee of the order of 40 km/h,

and have allowed flights up to 2000 m altitude. These waves are produced

particularly during winter, when only slope soaring is poseible, They have
i been utilized in a number of countries. In France, the regions of Corbas
end Port-Saint-Vincent can be named. I

6, Stationary waves over ‘the Alps.

Goneral statements

After the remarkable results obtained in the waves over Silesia, with

elevations of 1200 and 1500 m of the terrain, it was to expected that wave
- 68 =
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flighte over the Alps would partioularly successful, With thie intention,
the German Glider Institute (Deutache Forschungsanstalt n'x'r Segelfing) car=
ried out a series of research flights over the Entern'npa, betweon the
Hohe Tauern (Grossglockner 3798 m) and the Upper Bavarian Highlands (500 m)
in the region of the great Foshn cloud which iz familiar to the inhabitante
of that region,

In order to compare the flight results with the theoretical deter=
minations of Lyra, Ruth Steffin systematically computed by that method the
vertical velocities of the airm Mction of the Hohe Teuern:
range (Figure 89). Above the Nortiern portion of the Tauern range (from the
Grossglockner to the Kitzsteinhorn) pyevails a strong downwind between 3000
and 6000 m. Theq,zo km to the leeward of the main range, follows an updraft

which increases with altitude, shifts toward the South and then decreases
rapidly sbove 10 km, On the other hand, the wave on the windward side is
weak, becomes stronger with the asltitude, and shifts toward the south start-
ing at the level of the stratosphere. Despite the ineviteble simplificatim
cauced by a schematic ealéulation, the results agree well with these of
flights.

Deseription of the flight of 11 October 1940..

Thak;ost convineing example of the great possibilities of wave flight
over thé’ Alps wes the flight of E.ﬁKlaeokner, who on 11 October 1940 was the
‘firbt oﬂ; in history to reach the limit of the stratosphere in s glider.
Figure 9d'showa a schematic drawing of the waves utilized, on the basis of
the observations of the f£light and the indications recorded at: the same time
aboard .a powered airplane.

The glider, type Kranich, was towed from its starting point at Ainring
toward the west along the Alps, since a great wave clouddecould be seen
above the Wetterstein mountains north of Innsbruck. At an altitude of

approximately 3000 m, at the level of the crest of the range, av¥iolent
)
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turbulence ineide a narrow layer of 200 m was found. At this time, a great
weve oloud was developing over the Hohe Tauern range and the towing air=
plane turned east toward this oloud. The first slight downdreft was detect=
od above Zell amsSee, and soon after that the first updraft. Between Zell
am Ses and the Grossglockner, three waves were traversed in succeseion.

The glider detached itself from the towing airplane at an altitude of 6480 m,
northwest of the peak of the Grossglockner. It was then just ahead of a
charecteristic Foehn oloud. Thé vertical velooity was 1.5 m/sec with a hori-
zontal veloolty of 90 km/h (as compared to 67 km/h at 4000 m and only 18 km/h
at 2000 m), South of the Alpine ranges, the cloud layer formed a Foghn wall
ae high as the Hohe Tauern range and disintegrated toward the north. The
Foehn wave started directly above this waell of clouds. The e¢loud developed
in ‘Fdo 2 direction over an expanse of 150 to 200 km, and in an Bast-
Wt direction for at least 300 km. &he glider climbed steadily at 15 m/sec
and reached the base of the great wave at 8000 m, although the updraft had
slackened between 7000 and 8000 m because of & momentery disintegretion of
the cloud. The pilot kept the airplane alongside the edge of the cloud un-
£11 its contours had reformed agein and the climbing speed was sufficient

(2 m/sec). The cloud moved toward the south in the form of wedges, and
raapchad a height of 14 km on the windward side. Figure 91 shows a similar
cioud formation with such wedges. In this zone, at an altitude of 10000 m,
Kloeakner found updrafts of 4 to 6 m/sec. However, the alrplane was not
winterized and the cold became hard to bear, even the airplane being affected
by the low temperature. The pilot had to use both hands to move the stick,
with the control mechanism making cracking noises at every movement and the
fuselage creaking. At 11400 °n Kloeckner deeided to end the flight on account
of the cold and exhaustion of his oxygen supply,; even though the climbing
speed was still 5 m/sec. For the descent he looked for a downdraft and lost
altitude repidly by flying tight epirals.

-0 -
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: Thus a glider had for the firet time reached the stratogphere, thereby

proving that the Alpine Foehn wave propagates to very great altitudes. The
principal Foehn wave reached an altitude of 14 km, and extended over 300 kn

1
{
i
H
i

‘ thus permitting long=distance flights gimilar to those carried out in oloud
' | lanes by flying along the frontal zone of the Foehn oloud.
® During Kloeckner's flight, a powered airplare flew above the great
Foehn cloud between the Hohe Tauern range and the northern foothills of the
Alps, in order to obtein data on the wave flow. The airplane wes well-
balanced, with constant speed and air inteke, and ths altitude variations 3
recorded by the barograph proved definitely the existence of updrafts and
downdrefts whose configuration suggeeted the shape of waves.
Anelysis of the corresponding wave phenomena.
! A11 these results are shown in Figure 90, in which elevations aré

i shown greatly exaggerated.

At 4000 m altitude, stationary waves of small length (12 km) were reg-
istered. These were local waves to the leeward of isoleted mountain peaks.
They were created by isolated lenticules with a period of incresse and de-
crease of sbout 15 minutes. Underneath these lentlcules, between 2000 and
4000 m, the cliﬁbing speed reached 2 m/sec) above the cloud layer, the up- 1,“
draft stopped.

The flight path of the alrplane'shbwed a great wave (wavelength 40 km) )
at 7000 m altitude, beginning at the mein range of the Hohe Tauern Mts. ) |
The second wave extended from the Leoganger and Loferer Steinberge to the
foot of\;he Alps, also with a wavelength of 40 km. In this wave, in ite
lower part in the vicinity of the leoganger Steinberpe, a second edge with
e typical lemellar shape could be distinguished. A third one, much less
distinet, was located at the northern edge of the Alps and also had a . '

0O

wavglength of 40 km, ©
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Scheme of the stationary waves above the Eastern Alps.
Other flights during Foshn periods were carried ocut over the Eastern

Alps, botween the Hohe Tauern Mte. and Lake Chiem, They confirmed the results
of the flight of 11 Ootober 1940, so that the characteristics of thie wave
syetem were définitely determined.

The Foehn over the Eastern Alpe is split in two by a strong inversion

|
.‘
{
|

layer as follows:

1) A lower flow, influenced by the ground and poseeseing local isclated
waves. This layer reaches an altitude of 4000 to 5000 m.

2) A general wave flow, from 5000 m altitude to great altitudes.

The temperature inversion which forms the retarding layer between these two

flows is regularly produced during Foehn in the Eastern Alps and is generally

s

located at sbout 4000 m sltitude. In the lower flow, which is disturbed by
terrain features such as peaks, mountain ranges, narrow or broad valleya’
there is no organized wave flow, but local waves are formed behind the peaks
, or isolated mountein massifs and are characterized by lenticules of medium

| dimension. These local waves have a length of 10 to 15 km,

Above the inversion layer at 4000 m is the wave flow proper. Starting

B ———

et 6000 m altitude, the full wind velocity is attained, which is never less
then 50 km/h, In this upper flow, noff longer influenced by local terrain
features, but only by the maseif of the Eastern Alps as a whole, the waves
are shown by two great Foehn clouds, one between 6000 and 8000 m altitude
and the other generally above 10000 m. The Foehn cloud extends over a
considereble distence, 100 to 200 km, but it does not contain one uniform
upfraft field; rather, it is split by wave flow inbo updraft and downdraft
fields, ‘a fact which is frequently shown clearly by the appearance of its
lower surface.

. o The lower oloud usually appears 30 to 40 km to the leeward of the prin=
o oipal mountain range, while the upper eloud beging directly above it and

inoreases with the altitude in an upstream direction.
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These etatements show that it ie poesidble to fly to very high altitudes =

at least 15 km = in the general wave flow above an altltude of 4000 m in !
the Alps. At the present moment, howevs, it cannot yet be stated definitely ' §
that the upper wave can be reached directly from the ground.
| Flights in the Innsbruck Region | i
f This question is partially answered by the l‘lighta performed in the Innsg=
bruck rogion., under the sponsorship of Dr. Hohenleitner, The starts were
made halfway up a slope with an elastic rope, and the glider immediately
made contact with the lower wave.
The location of Innsbruck is particularly typical and favers the form=
ation of waves during a Foehn. About 30 km south of Innsbruck, the Brenner
» ' Pass (1370 m) makes a deep out 10 to 20 km wide in the main mountain range
i whose peake ave all nesrly 3500 m high. "
The Foehn wall, which everywhere else remeins on the windward side of |
i | the masin chain, extends io the north half-way to Innsbruok, since the Wipp !
valley diverts the Foehn. The Foehn, once it hes crossed thaw of the
| Inn, must climb over the steep Karwendel chain, vhich is 40 km long and
' 2500 m high. During the main phase of the Foehn, the flow from the South
penetrates to the floor of the Inn valley, but is sometimes cut off by a
thin leyer of cold air. At any rete, it must olimb over the wall of the
Karwendel range and thus will produce a slope upwind of at least 2000 m : -
altitude. The South-to-uorbh cut shown in Figure 93, as established by
alr and ground observations, indicates that a stationary léaward wave 1is |
formed over the Inn valley, enalogoua"oo those observed over the Alps (Pig- i
ure 94). This wave, often marked by a cloud, has been reached several |
. ! times by gliders gtarting at an altitude of 900 m with an elastic rope. The
b - E gliders olimbed to 2000 m over the glope in the north and then turned south »

across the valley to reach the weve. In this manner the vertical velocities
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provailing in this region were debermined. After leaving the slope upvwind,
the gliders first encountered a strong downdraft of minus 5 n/sec and then
an updraft of plus 2 to 3 w/seo toward the center of the valley, and finally
another downdraft of minus 5 m/eec on the south gide of the valley. These
vertical air movements permit us to fix the position of the wave right over
the center cf the valley.

‘One of these .glider flights reached the lower portion of the great
Foehn wave which ie located at an altitude between 4000 and 6000 m, The
pilot left the slope upwind at 2000 m, flew over the valley to the south
and reached an updraft of 5 m/sec. He made contact with the front of the
cloud of :he upper wave at 3700 m and climbed along it to 4698 m altitude.
At that altitude, the flight was broken off befcre reaching the upper limit
of the oloud, but the pilot could see other very highdwavé olouds above it.

The local conditions at Innsbruck are shown schematically in Figure 94.

Above 4000 m the wave system seems to correspond to that encountered over
the Eastern Alps. The base of the great wave also starts above Innsbruck,
30 to 40 km from themain chain of the Alps. It is due to this identical
location of the wave and the karwendel mountains and of the local wave that
contact between high=altitude waves and ground can be established.

Supplementary remerks on Alpina waves

a) Local waves

A few flights were carried out in the Bavarian Alps for the purpose
of studying the isolated local waves which form in the lower portion of
the flow affected by the terrain. These waQes are found not only during a
Foehn, but ocour behind any 1s0lated mountain massif properly situated and
with wind velocities between 10 and 50 km/h. Figure 95 shows the barograms
of two measguring flights in these local waves. In the first flight, the
barogram shows that the vertical speed dropped. The pllot hed missed a

wave which was not distinguished by any cloud formation. In the second
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flight which followed immediately after the first, the wave was reached by

a towed glider which then remained thers in free flight for some time. In 5
high mountains it ie thus possible to fly continucusly by means of these waves ;
whioh are produced by slight winds, and to perform long-distance flights
by using a technique similar to that of thermal flight, i.e., flying from
wave to wave.

b) OCharecteristics of the later phases of the Foehn.

Until now we have dealt only with the main phase of the Feehn. In that

!
|
i
|

phase, the upper wave with its well=defined edge is located directly above ;

the main chain. ?
However, the end of a Foehn period ;a marked by the displacement of

! the wave front toward the northern edge of the Alps. The waves go beyond

i the Alpine ranges over the adjacent highlands. .In October 1937 a flight

was performed between Munich and Garmisch~Partenkirchen in the foothills of ;

the Alps. Two distinct waves could be detected; the first, starting ;; the

mountains, was particulerly strong and had a length of 20 to 25 Qm. At

2800 m the variometgr indicated a climbing speed ofN6 to 7 m/sec. Between

the two waves was a drowndraft which reached a velocity of 12 m/sec. b
When the edge of the Foehn wave has finally reached appdint above the

Bavarian highlands, the impulse provided for the fléw by terrain cbstacles

disappears. Thus the wave slackens and dies out.

7. Stationary stratospheric waves. ‘

| Deformations of the tropopause.

Kloackner's flight proved indisputably that waves created by terrestrial
obstacles can propagate to the stratosphere. Another proff can be furnished
for this:s The varflation in the altitude of the surface of mparation between
troposphere and stratosphere. F. J. John has compared ttie temperature and

o
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pressure fluctuations recorded at Munich and at Pavia, on opposite sidee of

the Alps. He eoncluded from his measuremonts that the disturbance imparted
to the flow by the Alps causes the variations in altitude of the tropopause

to be much more frequent and more marked at Pavia and that the lower limit
f of the stratosphers is on the average lower at Pavia then it ought to be
at that geogrephical latitude. Speoial examples demonstrate this variation
in altitudes during a Foehn; thus, the measurements performed on Aagust 19
and 20, 1925, show that desplte the influence of the latitude which normally
lowers the tropopause, the tropopause is higher at Munich than at Pavia be-
cause of the forced osoillation over-the Alps (Figure 97). This statement
| is of great importance for wave flying, to which the stratospheric regions

] are now being opened.

' : Observations pertaining to stratospheric waves. i
| The theoretical findings do not give us any indication as to how far
up these waves extend, but we have been gble to obtain some data from ob~
gervations.
! 1t has been known for a long time that gertain clouds occasionally \
form what are ocalled noctilucent clouds because of their irridescence. %
These clouds are particularly striking in South Norway. They wera first
described by Prof. Mohn of the University of Oslo. He noticed that these i
clouds, elthough at very high altitudes, are bound to certain periods and
thet they were observed at Oslo only when the Foshn was blowing. More
recently, the altitude of these clouda has been determined by Prof, Stormer
a8 botween 20 and 30 km. He alpo stated that they appear during a Foehn
and described their lenticular shape, which ig exactly that of small common

|
i wave clouds. These cbservations are so clear that it can be assumed with
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great likelihood that these olouds are oreated by stationary Foehn waves

(Figure 98), which can be reached by high-altitude gliders, as far as the
.sinking speed of the airplane, which inoreases with altitude, will pernit;
vis., the einking speod of a normal glider which is 0,7 m/sec on the ground
will be 1,8 m/sec at an altitude of 15 km; thus the updraft mist be greater
' than this latter value.
| Problems of stratosphere gliding.

Thus a new field of research has been opened. Its final developments
cannot yet be foreseen, but its exploration has now become indispensable.

It goes without saying that speoial techniques are required for strato=

sphere flights. The normal type of cockpit must guerentee a normal air ]

b 23

supply and a certain temperature. For physiological reasons, the usual cuqr-
'gen equipment is inadequate at altitudes above 12000 m. Therefore, a pres=

-« gure cabin is necessary to ensure air supply end protection from the cold,

| There are no great dangers to be feared in stratosphere flight; nevertheless,
provision must be made for bailing out at high sltitudes, which requires
the installation of special emergency equipment.

T e e

However, these special requirements are well within the capabilities ; :
of modern engineering and do mot present any greet obstacle to stratosphere
\ | | flights. I

8, Stationary waves over plains. 2
The existence of agch waves.

Unttl now it had been believed that wave flight was possible only in :
i hilly regions, because of the disturbance of the general flow by the terraim.

According to observations made so far, the best conditions combine the occur=

5_
% rence of a Foehn wind with e location in high mountain terrain.
Howevaer, the Foehn is & local phenomsion and thus limits wave flight

to certain localities, Just as glope updrafts limit the glider to £light

-7 -
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over slopes, except in spooial cases. It 1s therefore natuéigl that the
question should arise whether the region of wave flight oould not be ex-
tended if stationary waves, independent of mountain maseifs, could be found

over plains.

The basic wave disturbances are not started by fixed obstacles such
as mountains, but may be initiated by some kind of a modification of the
% lower flow. The progression of the systems may be accompanied by variations
E in wind velocity which will influence the flow at higher levels 1%
macner as fixed obstacles, and will thus creete wave fronts which are stat~
ionary with respect to the system in motion. A layer of cold air is like a
mountein, so that one 18 led to believe that it would oreate a stationary
wave system. '

A. Defant has investigated those disturbances of the lower troposphere,

i ; guch as cold fronts, which cause variations in the level of the tropopsuse.
His investigations were gtrictly from the metecrological point of view. e
concluded that any kind of disturbance of the lower troposphere, caused either

by varietious in horizontal velocities or by breakthrough of cold air masses

AT A o

~
undeg_gaath the general \Bet flow, will cause wave-like variations in the
level of the tropopause.

Thus we can expect to find changes in the level of the tropopause and

3
i

wave=like disturbances in it, in front of e mass of moving cold sir, analogous

40 the disturbances set up by & mountain obstacle. These waves are stat-
ionary with respect to the cold front and should be accompanied by an up-
draft field similar to that of the Foehn waves. The assumed structure of

these waves is shown in Figure 99,

E——————R_ A e

The typical lenticular clouds which are forerunners of bad weather can '
f ‘ o frequently be seen in the still clear sky. Over the plains, especially near

the seacoast, these clouds are most frequently seen, undoubtedly because

the atmosphere there is not disturbed.
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Explanation of front flights.

The existence of these waves is frequently confirmed by glider flights.
The barograme shown in Flgures 64 and 65 are particularly significant from
this point of viow.

In the barogrem of Figure 64, the glider remained shead of the front
et an altitude of 2900 m for about 50 minutes, after a rapid climb. The
flight continued after a loss of 400 m of altitude, with a strikingly regular
succession of olimbe and descents for over two hours. Such a barogram ie
obviously different from those ocbtained in normal thermal flight or in
turbulences preceding cold fronts. It shows a stationary updraft field
ahead of the front and also a wave-like structure of the field.

The two barograme taken on 25 July 1931 (Figure 65) confirm £ho existe |
ence of this regular stationary updraft field ahead of a front, After :
reaching the updraft in front of the thunderstorm, the two gliders climbed
rapidly to 2500 m end then remained ai altitudes between 2300 and 2500 m.

One of the barograms has a peak which corresponds to the terrain, because

the glider in question was ‘iying above the Thuringian Forest at that time.
This constant and rapid climb in front of the thunderstorm and outside the i
oloud zone, which took place in the same manner for both gliders, although !
time and place were different, bears a striking resemblance to the climb

in a Fochn wave.

Since that time front flights have been rare; this theory came up only
as an afterthought, so that no definite proof is available. However, the
tegemblance of the various barograms of front flighte is such that a few
experimental flights will suffice to settle the issue, These wave flights

ahead of a front are neither difficult nor dangerous. It is possible to

e e e o Pt by A

tow the glider to a point ahead of the front and then, in free flight, the
pilot must mefaly gee to it that he does not fly into the front itself.

The solution of this problem will be a new and important step forward in
gliding, since it will be the first attempt to make wave flight independent

of mountains.

’
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Other types of waves over plains.

Thore are certainly other possibilities of wave flight in plains.

|

Huge wave clouds have froquently been cbeerved at altitudes between 6000
? and 7000 m; a particularly striking specimen appeared over Paris on 17 March

(iR Do

1947, These waves look exactly like the high Foehn waves and strengthen
the conviction that wave flight over plains is possiblo.

In support of this theory, a measuring £light cerried out in a Junkers
A 35 airplane can be cited. At 4400 m altitude, with gonstant deflection

of the elevator, the olimbing speed varied greatly during the flight under=
i ' nesth an altocumulus formation, going from 1 m/sec to 3.1 m/sec, the wave-
length being of the order of 4 km,
P i All sorts of disturbances can cause the formation of waves over £latn
terrain. Great differences in gurface roughness, such as transitions from
water to land surface or great changes in wind direction near the ground,

suffice.

Thus a great new fleld of research has opened for glider flight, which
will have to be illuminated step by step in the course of the next few

years.

3
A
H
H
1

- END OF CHAPTER IV -

‘ . - 80 -
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CONCLUSTON

Throughout its twenty=five yoars of existence, glider flying has
achieved performances which naver could have been predicted in advancs, end

this has boen doxe through sheer effort and despite ite simple and often

rediculed beginnings
We have now reached a turning point in its development, The tro=

i
&
i

posphere == that is, the first ten kilometers of our atmosphere == has been
conquered, and the firat penetration into the stratosphere has been success~
ful. The methods by which glider flying can reach these altitudes have been
worked out; and for those who know the enthusiasm and unselfishness of glid-
er pilots, there is no doubt that the problems which are still unsolved

4 ‘ will be solved in the near future.

The secret of success 1ies in a close collaboration between theoret=

ical research and practical glider flying. Sclence has opened up new roads
to glider flying, but the flights themselves have opened up perspectives
for science. Flight performances have greatly assisted in incrcasing our

knowledge of the free atmosphere, Aerology and meteorology ere particular-

e

o 1y indebted to glider flying for mich fundamental data. The glider has

\
|
|

become the best instrument for measuring vertical air movements and, in
contrast with the other neasurement procedures, it furnishes quantitative
results.

Although the physics of Foehn has long since been studied in ell its
details, it is glider flying which discovered the great foehn wave, &
essential addition to the fundamentals of Foshn dynamics.

In view of all this, one can well wonder why the glider has not yet

et A 21 B T

become a regular instrument of research, with all tho possibilities it .

offers to both aerology and aerodynamics.

- 8l =
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The pilot who has followed the author throughout this beok can under=
ptand the motives underlying the three qualities demanded of a glider pilots
a mastery of the art of piloting, scientifioc curiosity regarding the prob=-
lems of glider flying, and enthusiasm for its beauty. These qualities in-
still in the pilot the ideal necessary to the success of his flights, which
unselfishly eerve both the progress of glider flying and human knowledge.

Glider flying has had the singular good fortune of not beacoming en=-
slaved to an objective. May it keep this gift as the basis of its perform-

ance and its apirit.

(List of 99 Figures appended, with sheir captions.)
«END~
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FIGURES WITH THEIR 1Tl £ 5
© LIST OF Tl WSTRADIONS

Figure 1 - Dynamic Gliding. Schematie rapresentation of the flight of the albatros
utildzing the bourdarvy layasr nbove the sea,
Tpadaaour da 1a couche limdte = depth of boundary layer
?- g Nesconto = descent
on M c"("l”‘ Yontéde = climb
‘ Figure 2 = a) Flow lines along a ridge
§ ?5 on ' b) Veloeity distributien in the harizontal plane

mier o
Figure 3 = Flow over a ridge
\ P oen a) Potential flow

N\‘\GfO{; tm b) Formation of eddies
‘o) Row of eddios and dead=alr zone

Figure |, = Flow 1ines over the island of Helgoland "0.6 on Wi "DFI[\M

=S

| Pigure 5 = Ackebeb's Scheme = Lines of flow along slope obtalned by superposition
: @ ’ N

| of conformal transformations P‘ on Wi ‘

Figure 6 = Upnind fi0ld over a ridge , after Idrac - \

£

3 Figure 7 = Upwind field on the slope of Pozmlechowa, after Kochanskl ﬂ
E\a:; Tnconnu = unknown o Vo
& Fipure & - Distribution of vertical winds over the leeward slope "0

"4 .
- (Horizontal veloeity of wind 2 to 11 m/sec) %

Figure 9 - Eddy on the leeward sidec of a mountain
; Figure 10 - Traces of smoke clouds 8
i’x Dune - dune
%& bale = bay
§ vent - wind
] Figure 11 - Field of vertical wind velocities on the windward side of a dune
. ° (horizontal velocity of wind 15 m/sec) .
= \ Vent - wind . _____,.,‘.m-—-*'""”"“,
. | _,,,f——-—'-“"‘"”"' ’ \
- Figure 12 ~ Fixed eddy to the leeward of dunes ‘o ” oM Wﬂ&u_
1 vent -wind T
Figure 13 - Boundary layer P, El o W,F;&M

Couche limite - boundary layer

4y e RESTRIGTER

- [
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Figure 14 = Friction upwind (0 2 oM W'{)"&‘“

Figure 15 = Long~distance glope soaring '0 |3 on Wwwp quu
Y sy
Figure 16 = a)Upwind during daytime P X on yww,mf ..Cm
b) Flow during the night. The valley ie filled with cold humid air.

Adr froid immobile - immobile cold air. Jse P‘“ ob s-fa-f ‘60& heed
Figure 17 = Barogram of the first ther gliding flight on 30 April 1928 F | v

T :
l

Figure 18 - Adiabatic of temperature, Indifferent equilibrium eo '7
1] . ) r‘&

p TEes

B

£ T - adibbatic of still gir e

! T1= adiabatic of an ascerding or descending air particle

f i
Figure 19 - Stable equilibrium {0 / 7

\ - s
! Figare 20 = Unstable cquilibrium 2 /7 pm

Figure 21 = Ascent of an overheated particle o 2,0 .

h
i

il

l

'{ &tk 8ltitude de l'e/quilibre thermique - altitude of thermye equilibrium
]

1

S

Figure 22, No title  f 20 .

Altitude de 1! e/quil-tbre de .. ~ altitude of equilﬂ.brium. of e
Figure 23 = Dimrnal thermbe boundary layer. f*!?," ~ .
Figure 24, =Formation of the cold boundary layer. Ind of the diurnal therx;x#f current.

Coucher du soleil = sundown

» FEO TRy g
P &2 rayms

Figare 25 = Recording of the dérection and d}-ﬂn velocity of the whd én the ground
Figure 26 = Recording of the pulsations of the wind direttion and velocity on the ground ‘
Figure 27 - Measuring oftv a miniature whirlwind by & meteorodogdcal ballomm, ;

Echelle - scale F 23 wb——'.“*

lache’ a bord d'un avion - release from airplane

e e b B AR

Niveau de la mer - sea level

b
4
i
Fal
A
P
-
4
v
-1
%
h

4

|
3
]
}

Vitesse du vent - wind velociby :

Figure 28 - Barogram of & glider passing from t}.me slope upnind (2) to the thermgq
updraft (b). F 4 o ’
Figure 29 - Flight path of a meteorological ballon on the lmeward side of a mountain
) .
Echelle - scale p O{/?

Altitdde en m ausdessus du niv, de la mer - altitude in{’m’,{:\:ove sea level

¥ en m/sec = velocity in m/sec

Figure 30 = Flight path of a mabeorological ballof over the same terrain, 30 mirutes

- later than the balloon of Fi% 29, A2
“ESTNGTE“ ater than the ba Gci{on ) T rew 'Q ZS’
e _ . ‘ o :

!
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Figure 31 - Reloase of the them” poundary layer at the edge of a forest, Fliiht
-
pathe of met.eorolosieal vallcons, taken on 27 April 1932, m ?—3 .
Figure 32 = Release of a therm . gust at the edge of & forest in very alight wind

laché & bord d'un avion = releass from airplane F’ 25 T

Altitude en m au-dessus da niveau de la mer = altitude in m above sead level

Figure 33 = Updreft fleld sbove o forest. The oemmmshaded ared ahowa the limit of the

|
i
'
i
i

w field wi th upward velocities above 3 m/sec. P 3‘) AN {L ‘/,'\y
Altitude en m au-dessus du niveau de la mer - Altitude 12‘: iabove sea .
Figure 34 - Txm Temperature inversion P 27 ’ ‘ ;E
Figere 95 - Rkt xdbanc Inversion on the groundﬁ 3/7 ” ‘ ’:
Figure 36 = Resorption of the inverslon on the ground by progressive heatingp 1'1 ‘ ’ ;‘é
‘ | Figure 37 = Diagram of temperatures during land and sea breezes at Rio de Janeiro. . i
2 ; 1 Aex:o:i.ogical sounding performed by airplane. P ‘?18 0 é
| Adiabatique hunide = humid adisbatic
‘= l Brise xlle mer - sea breeze
Brise de terre - land breeze
{Figure 38 - Temperature curves for East and /West winds, at Homs, Libya. i
N Vent dSEst - East wind ' Of {
- < ' \ ‘ Vent d'Ouest - West wind ;
"\J Figure 39 - Plagram of the temperature on 2 April 19397/ t Homs, L¥oya, and the
k ' naxtmun altitude veached by the glider. f

0 Plafond & ceiling
Figure 40 = Curve of mean fnmEp temperature at Garlan, Libya, 9 and 17 April 1939,}V

o 29 ..

; at 1300 hrs. f
‘ a !

! ¥4 gure L1 = Curve of tmmperature at Garian, duringﬂWest wind, Maximmm altitude reached

\ by glider.

| !

Figure 42 - Barogram of a glider flight from Homs to Buenat-el-Hsun, showing the

e : 73 3,{) QM effect of Y land and sea breezes on the altitude of the glider,
Région soumise % 1l'influefce de la br‘ise de mer - Region under the in-

* fluence of the sea breeze

Re/gion sounise Y 1'influence de la brige de terre - Reghdén under the

influence of the land breeze.
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Figure 43 = Temperature curve in unetable equilibrium ‘Q 3\ o ".'r
ALtitude de & 1'dquilibre -Rek equilibriun altitudt S
Albiﬁuc{e de condensation - Condensation altitude

Figure M.'.- Unstable=humid atmosphere} upward velocity of an 1solated mass of humid

‘ . air, T= temperature of the surround air vertically at rest,T'=dry adia-
45‘/ . _batic."r"- humid adiabatic, C = ourve of vertical velooity.
Q Afdabaticque humide = humid adiabatic
Y

Adiabatiege séche - dr}" adiabatic
Vitesse verticale = vertical velocity

Pigure 45 = Flight path of a glider in a cumlus cloud. Velocity of wind at ground ’v
‘b’b ‘ Ywyoaooomt level 11 m/secs Sky 9/10 overcast (cumulus). j ‘
e Tempe en min.~ time ;I.n minutes t“;

Figure 46 = Flight path of a glider mamx in a cumulus cloud.

L
2 G

) Altitude en m - altitude inm
gﬁ

BT

Y Temps en min, - time in minutes
‘ 2#xD'apras le vol plane - Velocity after dowrmard glide

Variation de temp.a partir de 14h10 - Temperature variation after 1410 hrs.

T

T, a
MR

Tempe’r. en °C = Temperature in oC

Figure 47 = Inversion condition.

: 1937
i’ Figure 49 - Map of $igr2ibgicks long-distance flights carried outy, in Libya, 9648

?%g'  Altitude en m - altitude inm i
" Temper. en °C - temperature in oC
- Pression en mm = pressure in mm g

] Vediterransem - Mediterranean r ' S
Figure 50 = Diagram obtained with a recording device ’() ..7 - |
Pression dynamique - dynamic pressure

Pression atmosphérique - atmospheric pressure

Acce’léra‘oion verticale - Vertical acceleration

/ b Figure 51 - Speed polar of the tWanderkranich" glider
Figure 52 = Schematic drawing of a measuring fliht 3@ \
Descendance = Reommutx Downdraft L .’u‘»«
;‘\q!,.'i BEE et

Ascendance - Updraft

Vue en plan - horizontal section H gSTRmTEn
b
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Figure 52 = cont'd
‘Trajecthire de 1'avion =flight path of the airplane
Vol rectiligne pendant .'91,05 mesures = Rectilinear flight during measurament
Vol en virage sans mesure - Tumms, no measurement

Figure 53 - Field of vertical winds underneath flattened cumli
Isotherme - isotherm f 3 g -
Vent - wind

C)@uageuz/lo Gauite, 1e 3 Aodt 193, 13hik mot's 14h47.d

Sky:12/10 overcast (cumlus). 3 August 1988, 1344 hrs to 144Y hras.

Altitude en m = altitude inm
Figure 5L = Fleld of vertical wind underneath a cumlus, [’ 29 -
Wind: WNW ; 1 to L m/sec; tsmperature gradient per 100 m:0,85°C aup to
2500 m. Sky 8/10 overcast ( cirrus and cumlus). 20 July 1937'.
Direction dm vent - Wind direction. & - to
Figure 55 = Therm:’é exchange movements,Wind: SE, very slight. Sky; 2/10 overcast
(flattensd cumulus), 23 June 1937, 1415 hrs to 1535 hre. N £{I
a -to '
Figure 56 - Eddies in parsdldl rows, after Idrac. / L{‘Z ‘ A
Figure 57 - Atmospheric condtions of the formation of clouds in parallel rows. P ‘/L
Figure 56 - Formation of clouds in parallel rows. ,0 L/.&
a) Horizontal section, b) Vertical section. ¢) Flow underneath cumli

arranged in rows.

.
Figure 59 - A cloud lane over the Atlantic Ocean. fko'bﬁ reph - " ot ""P"’dmu‘-

p 43

Figure 60 - a) Formation of a marginal eddy over Mt,Cervin.

b) Schematic representation of the flow of air around Mt.Cervin, xRt
after Kamps de Feriet. rYY

Figure 61.- Cloud lane to the lee of & mountain.ﬂofo?m'gl\.wof mprooluc:ble. P‘ﬂ

Figure 62 = Schemstic drawing of ther: ; gliding and of cloud lane gliding. |
Thermiques normaux - normal therms% currents p 4 5’ ‘
Ruek de nuages =~ cloud lane
Trajectoire du vol = fliéht path
Uiyection du vent = wind direction
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Figure 63 - Schematic drawing of a cold front ,o l's—'
chaud = warm-
froid - cold v
Figure 64 = Barogram of the first front flight, July 1929 /b qé
Figure 65 - Barogram of two front flights 2 ‘fé
Figure 66 = Temperature-altitude diagram during thunderstorm ‘sox'xdit,:hmavi lO ‘48
Altitude en m au=dessus du niv. de la mer - n:l.'c'i*:"ucle in n’tz“above sea level

Temp.de 1l'air da nuage - tempsrature of the air ﬁv the cloud

Temp.de l'air environnant - temperature of the surrounding air
Temp, de l'air sec - temperature of the dry air
Aliabatique humide - humid adlimbatic
i Adiabat. s€che - dry adiabatic
3 ' : Vitesse de montee - climbing speed
‘ Figure 67 ~ Barogram of an alt tude flight in a thunderhead /" 4 9
- ' Figurs 68 = Structure of a thurderstorm cloud '0\5"0
Neige = snow
Glace = ice
Grele - hail

Eau - water

Zone de givrage - icing zone
Nuage de grain - squall cloud
ule = rain

Chaud = warm ]

+ AT

Froid = cold

i % -to
Pssude~front froid - cold pseudo-front
Isotherme - isothemm
charges electriques - electric charges
Figure 69 - Flow lines of a wave /0 53
Figure 70 - Recording of atmospheric waves from an airplane ,O 5.,3
Humiditd - humidity

Temperature - temperature ' L N&Tmhi Lw

. e
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Figure 70 = cont'd
Vitesse = speed
Re’gim moteur = Operation of engine
Pression statigue - static preasure
Figure 71 = Path of waves measured by meteorological balloolis, 2 April 1930,1620 hrs,
Altitude ... = Altitude above sea level, in mifiv r T4
é Figure 72 = Path o!"wavea measured by meteorological balloons, & April 1930, 1200 hre.
| Altitude sess = Altitude in mggl;ove sea level /° “"‘r

Figure 73 - Barogram of a long-distance flight under the influesmse of waves
—
1 Temps de vel en minutes = Flight time in minuie) o 58

gt T

Figure 74 = Formation of cloudds of free whves /o 5'5
Bancs de nuages = cloud banks
; Vent inférieur - lower wind
| Vent pupe'rieur = dpper win
! i 2 Figure 74 = Formation of waves an the free surface of a liquid /o 5 7
‘ a) SpmmbartxcBixnFlow velocity less than velocity of propagation of the wave
| b) F2 gw velocity greater than velocity of propagation of the wavs
¢) Transition from "stream flow" to "torrential flow"

Figure 76 - Formation of waves on the mocfxdmx free surface of a liquid /© 5 7

A p
a) Flow veldcity less than'\velocity of propagation of the wave

T o

le
b) Flow velocity greater the;%\velocity of propagation bR the wave,

Figure 77g- Distribution of upwinds coammcfromanoie below an obstacle ,O N ?
Figure 77b- Distribution of upwinds of waves over a plateau IQ \59

;1,?
4

v 2% 1

; Rigure 78 = Flight path of a statically balanced balloon to the leeward of a mountain

massif /O 60

en mimites = in minutes

Figure 7%~ W Flight paths of statically balanced balloons;wind velocity 11 m/sec.
Note: The elevations are exaggerated ten times,
Ballon = balloon. /') 60

‘ ‘ Figure 79b- Flight paths of statically balanced balloons behind dunes,

Distances au point de dé’parh - distances from starting point

Ballon - bglloon ,0 60

ALtitude en m = altitude in mikira
-8B —

——

s

2]

O T e S —

STRIGTED

: . . asmr '
Declassified in Part - Sanitized Copy Approved for Release 2012/03/07 : CIA-RDP82-00039R000100050051-0



K
Declassified in Part - Sanitized Copy ApEroved for Release 2012/03/07 : CIA-RDP82-00039R000100050051-0
iy .

— R

A | \RESTRIV) L

Figure €0 = a and bt Flight pathe of statically brlansced balloons showing stationary
waves, ,O 6/

Figure 81 = Flight path of statically balanced balloons to the leeward of a mountain

Figure 82 = Schematic drawing of Foehn waves to the leeward of the Giant Meuntains
Trou de F8hn = Foehn pooket

massif

eR - in

l\ere,2‘em,33 onde = lut, '2nd, 3rdx wave
tourniquets = whirls /0 6 =
Moazagotl - "Moazagotl" Foshn cloud

Figure 83 = Distributdon of updraft and downdraft fields downstream from the Giant Mts.

zone ascendante = updraft zone
! zone descendante - downdraft zone
. . P oy
[ 0a500m=0to500m
[ E au-dessus de - above
§ Coups = section

Figure 84 - Cloud of a high-altitude wave above the Glant Mountains BO*OﬁrQ /l" -
ney (0

15 ki P e S R R R R SR

|
Figure 85 - Wave clouds in the lee of the Cevennes Mts, re '
E gur roef,e, ble
% Figure 86 = Roll of eddies P C
i
; Figure 87 = Barogram of a wave flight over the Giamt Mountains F 56
Déepart asrodrome de Hirschberg 8hl2 - Start at Hirschberge airport 0812 hrs

Atterrissage aeroport de Breslau 1554 - Landing at Bresdau airport 1554 hfs ;

2

T

Largage - release from towing airplane :
: Figure 88 ~ Wave cloud above the Alps ?ho‘f’oﬁ ra‘ol'\ - nof‘ f‘ﬁproduu'é/e' P 66 ?
; Figure 89 = Fleld up of updrafts over the Eastern Alps, computed after Lyra's formilas
: ' Vent - wint P 67
Figure 90 = Wave sys‘c.gm over the Eastern Alps, after measursments performed simul-
taneously by glider and by powered airplane /° 68
Vol remorque/ - towed flight
Vol & voile = gliding
Trajectoire de l'avion - flight path of the powered airplane
Plafond = ceiling
iere , ZLIQ, 3\eme onde =lst, 2nd, 3rd wave s
-89 - RESTRIGTED
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i Pig.90 ~cont'd
P Grande onde de Fohn(Moazagotl) = Great Foehn wave ("Moazagotl")

Sud = South

r

2

[

.
B

Altitdde de largage - Release altitude

Vent = wind

Lentioulaires 1solées =Isolated lenticular clouds

Nuage de refeulement du Féhn - oloud of slowed-down Foehn wind

altitude en km = altitude in km
Figure 91 = Leading edge of a Foehn wave ?hofo raPh - vw'f‘ I'OPW duc,; ble, Pé?
Figure 92 = Map of the Innsbruck region 00 @
Cr/e‘te du Nord = North fixdck Chain (Nordkette)
Vallée de 1'Inn = Inn Valley

Col dv Brenner - Brenner Pass

Figure 93 - Schematic drawing of the Foehn waves over the Alps near Innsbrucke P -“

! I, local waves, wavelength 10 to 15 kmAN altituda 2 to 45 km, II. Lower
Y
; great Foehn waves, wavelsngth 4O to 45 km; sltitude 6 t(o 8 lom.

III, Upper great Foehn waves, wavelsngth 4O to 45 km;\"‘altitude above 9 km,

Vent horizontal)> 50 km/h = horizontel wind sbove 50 km/h

Col du Brerner - Brenner Pass

Sud - Seuth

ke

B

Nord = North
Altitude en km - altitude in km
Figure 94 - Schematic drawing of flight underneath waves r 7L

\

Nord = North

s RadnEs B S AW HE

{ Vent ascenilant de pente - slope upwitd
Oréte septentrionale - North Sierioo NEFREEEXRY crest ;
Vent ascendant des ondes locales - Updraft of local waves
Créte me/ridllonale - South crest
Vent descendant ~ downdraft
Sud - South

Figure 95 = Barogram of flights under the influence of losal waves 'Q 75
ler vol, 2%me vol - lst, 2nd flight

Figure 96 = Wave clouds over Upper Bavaria P 73

Vent - wind ﬁtSTchED
Valle de Ziller - Ziller velley /%? 90— |

-
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Figure 97 = Neasurements of temperature above Munich and P:w’, and altitude of the
tropopause ( taken on x 19 and 20 August 1925). P 74
Tempg’rature en degre's nbeolua: Temperature in oK, 1. cd ‘bb

) Figure 98 -N% cows [0 70 'Fho+o%raph - ;;{ repredvciol

‘ Figure 99 = Schemsbic drawing of waves ahead of a odld rront(o 7é

; 1} Tropopause = tropopause

™ Inversion = inversion _!1
Adr froid = cold air.
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